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barrel bacground (rel. units)

Better suppression of background

N\\WEm I N/ .

i
B AN Y
,I

1200

defaulty energy Belle Il full simulation:
after rough calibr. | B® —-DO%t0, DO — 70x0,
after calibr. and TEO > vy N &
! .
D7 mass it AE= E* - E, endcap: pure Csl crystals;
eam (considered for upgrade)

1000
800
600
400

200

verification and fine tuning

04 = 02 0 hﬁ:&; 7 deteCtOF reSpOI’]SE
AE (GeV)

FPCP, May 2013




K, and u detector

Endcaps:

« scintillators, two orthogonal . y-strip
directions in one super-layer

 avalanche photo-diode in
Geiger mode (GAPD)

Iron plate

=

2 inner barrel layers:
« upgrade to scintilators ~ Aluminium frame

——A—————
—— /7 Solenoid R -
. Layer O Layer 1
| (scintillators) (scintillators)
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K, and u detector

Endcaps:

« scintillators, two orthogonal
directions in one super-layer

 avalanche photo-diode in
Geiger mode (GAPD)

Iron plate

2 inner barrel layers:
« upgrade to scintilators ~ Aluminium frame

——A—————
—— /7 Solenoid R -
. Layer O Layer 1
| (scintillators) (scintillators)
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K, and u detector

Endcaps:

« scintillators, two orthogonal -strip
directions in one super-layer D plane
* avalanche photo-diode in |5, pjate N\

Geiger mode (GAPD)

2 inner barrel layers:
« upgrade to scintilators Alum'nlumframe

Layer 2 (RPCs)
Kite ' Kite

S
T

B K vV

- = -
N

T r:ox‘.
BN BN

Events/0.1 GeV

r | 6
—— A e 4 '|‘_L
—— /7 Solenoid N A
. Layer 0 Layer 1 2 S S
| (scintillators) (scintillators) ~ 2 s e
a 80 0.2 04 06 081012

E.. [GeV]

main backround from K ‘s, better K, efficiency
better background rejection <

FPCP, May 2013



B - sy
direct CPV K_’JTO?TO’}’,KO tra vy, K nta—xl '}/FPCP

B~ — Kln v, K %y, K ntx 'y,KO'fr 70
2013
Kon~ 7T7T"}/,K n’y,K+K K™,

Semi-inclusive, sum of many B o K-ty K—ntnly, K—ntn—aty, K—ntntr0y,

exclusive states:

_ K atny, KTK- K nty,

all flavor specific final states;

FPCP, May 2013



B - sy
direct CPV K 7%, Konta—n=y, K ntn—n" ’)’FPCP

B~ — Kl v, K 7%y, K ntx "}’,KO’TF 70
2013
Kon~ W?T’)/,K n’y,K+K K™+,
B o K aty, K ataly K—nta nty, K ntn%0%,
K atny, KTK- K nty,

Semi-inclusive, sum of many
exclusive states:
BaBar, PRL101, 171804(2008),350 fb*

all flavor specific final states; N N
-N;
<D>: average dilution due to N. = N o <D>ACP +AD + A\det
flavour mistag, ~1 b b

AD: difference between
flavour mistag for
bandb, <<1

A, detector induced
asymmetry

FPCP, May 2013



B - sy /!

_ B~ — Korx~ f}/,K w0y, K ntr "}’,KO’JT' 70
direct CPV K7 ﬂy,KO tra vy, K nta—xl WFPCP
Kon~ ?T?T")/,K n’y,K+K K™+,
B & K aty, K ataly, K ntn—nty, K—atalx0y,

Semi-inclusive, sum of many
exclusive states: gt gy o
BaBar, PRL101, 171804(2008),350 fb-. Ty L

all flavor specific final states;

N, — N
—-=(D)
<D>: average dilution due to N N =D ACP +AD + A\jet
. .+ N
flavour mistag, ~1 b \
AD: difference between _ - / - I | |
flavour mistag for O g 1Y T 2T T T ]
— = i 1 = C ]
bandb, <<1 31500 - G1500f .
A, detector induced g T 18 [l f
=1000 -1 ~=1000 ]
asymmetry Nl 1= 1 !
g 500 § 500}
A, = (-0.8+2.9)% ”

8 iisatenias
aEissiiasinanany *iss s;ss B

: : 28 5 “5.26 528
HFAG, Aug 2012 meg (GeV/ic) me s (GeVicT)

SM: Acp ~ (0.441%24,, Y% | T. Hurth et al., Nucl.Phys. B704, 56 (2005)

FPCP, May 2013



1]

B - sy
direct CPV FPCP

2013

Expectations

Ayt = - 0.007 £ 0.005

Ager: careful study of K/r asymmetries
in (p,4,,) using D decays or inclusive
tracks from fragmentation;

FPCP, May 2013



B - sy /A
direct CPV FPCP

Expectations o

Ayt = - 0.007 £ 0.005

Ager: careful study of K/r asymmetries
in (p,4,,) using D decays or inclusive
tracks from fragmentation;

lots of work on system., few 10-3 exp. sensitivity

LHCb, 5 fb1: 5(S(wd)) ~0.02

extrap. from 337 pb: £0.05 LHCb, arXiv:0912.4179
(syst. @ 337 pb! £0.07)

FPCP, May 2013



B - sy

direct CPV
Expectations
M,
A, = - 0.007 £ 0.005 ® 400 GeV
* 600 GeV

Ager: careful study of K/r asymmetries
in (p,4,,) using D decays or inclusive
tracks from fragmentation;

ACP( B-> xs 1)

lots of work on system., few 10-3 exp. sensitivity

LHCb, 5 fb1: 5(S(wd)) ~0.02

extrap. from 337 pb: £0.05 LHCb, arXiv:0912.4179
(syst. @ 337 pb! £0.07)

super B fact. sensitivity
LHCb sensitivity 5 fb!

0.01

0.008
0.006 F
0.004 p
0.002 F

0k
-0.002
-0.004 F
-0.006 F
-0.008

0) example of overlap region FPCP

A. Soni et al., PRD82, 033009 (2010)

-1 -09 -08 0.7 -06-05-04-03-02-01 0

(M, >550 GeV from LHC)

FPCP, May 2013



Belle Il / Inclusive b —s(+d)y

barrel: TOP detector
partial Cerenkov ring reconstruction
from x, y and t of propagation

—-——-':'__- =1 : -

g

Shrototype quarzbar

endcap: Proximity
focusing Aerogel
RICH

v

9 5% 55 % 5% 5

Aerogel radiator
n~1.05

Hamamatsu HAPD

FPCP, May 2013



Belle Il / Inclusive b —s(+d)y

barrel: TOP detector
partial Cerenkov ring reconstruction
from x, y and t of propagation

Belle/Belle Il full simulation: |
BO —>K*(Km)y, 200

| B® — p(nm)y,
———— =1 AE= E.* - E i TR
_— : B b
Qrototype-quartzshar: 200mm d s = ey
. renk = 7 K/pi
endcap: Proximity 3 a . F ]J p{géqo-g
focusing Aerogel ﬁ oF :
RICH
Aerogel radiator ] ot Belle Il
n~1.05 -t
Hamamatsu HAPD a0
Improved PID performance e N PRI

FPCP, May 2013



Neutrals
WL

* 0 t-dependent decays rate of B — fp; o~
B—K (_)KSTc )Y S and A: CP violating parameters
t-dependent CPV s FPCP

P(B® — fiAt)=>—[1+SS sin(AmAt) +

.
+ Al cos(AMAL)]

FPCP, May 2013



Neutrals

t-dependent decays rate of B — fp; ™~

B — K* (—»Kgn®)y i/
S and A: CP violating parameters
t-dependent CPV s FPCP
P(B° - f;At) = 1+ S., sin(AmAt) +
. ( ) ==L+ S sin(Amat)
SCPK*Y ~ —(ZmS/mb)SiHZ(I)l ~-0.04 4 Aép Cos(AmAt)]

Left-Right Symmetric Models:
Scpi" ~0.67 cos2¢, ~ 0.5

D. Atwood et al., PRL79, 185 (1997)
B. Grinstein et al., PRD71, 011504 (2005)

FPCP, May 2013



Neutrals

* 0 t-dependent decays rate of B — fp; ™~
B—K (_)KSTC )Y S and A: CP violating parameters
t-dependent CPV o FPCP

P(B° - f;At) = 1+ S., sin(AmAt) +
- ( ) ==, —[1+ 8¢ sin(AmAt)
Left-Right Symmetric Models: K ny Scp VS Cp HFAG
Scpi" ~0.67 cos2¢, ~ 0.5 08" . ! —
N BaBar
D. Atwood et al., PRL79, 185 (1997) . /7 Belle
B. Grinstein et al., PRD71, 011504 (2005) 22 Average

04 r

Sepks™0r = -0.15 +0.20
AcpismOr = -0.07 £0.12 | |

HFAG, Summer’12 0 o ety
RTINS
RS

\s\Q

bt

-0.4

o8 0.4 0 0.4 0.8
SCP

Contours give -2a(In L) = Ayt =1, corresponding to 60.7% CL for 2 dof

FPCP, May 2013



t-dependent decays rate of B — fcp;

B — K* (—=KgnO)y

S and A: CP violating parameters
t-dependent CPV s FPCP
P(B° - f;At) = 1+ S., sin(AmAt) +
<1 ( ) ==, —[1+ 8¢ sin(AmAt)
Left-Right Symmetric Models: K ny Scp V8 Cep HFAG
Scpi" ~0.67 cos2¢, ~ 0.5 08" . ! —
| ]  BaBar
D. Atwood et al., PRL79, 185 (1997) /77 Belle
B. Grinstein et al., PRD71, 011504 (2005) 22 Average

Sepks™0r = -0.15 +0.20
AcpismOr = -0.07 £0.12

HFAG, Summer’12

o(Scpks™)= 0.09 @ 5 ab!
0.03 @ 50 ab™!
(~SM prediction)

0.8
Sce

Contours give -2a(In L) = Ayt =1, corresponding to 60.7% CL for 2 dof

FPCP, May 2013



t-dependent decays rate of B — fcp;

B — K* (—=KgnO)y

S and A: CP violating parameters
t-dependent CPV s FPCP
P(B° - f;At) = 1+ S., sin(AmAt) +
<1 ( ) ==, —[1+ 8¢ sin(AmAt)
Left-Right Symmetric Models: K ny Scp V8 Cep HFAG
Scpi" ~0.67 cos2¢, ~ 0.5 08" . ! —
| ]  BaBar
D. Atwood et al., PRL79, 185 (1997) /77 Belle
B. Grinstein et al., PRD71, 011504 (2005) 22 Average

Sepks™0r = -0.15 +0.20
AcpismOr = -0.07 £0.12

HFAG, Summer’12

o(Scpks™)= 0.09 @ 5 ab!
0.03 @ 50 ab™!
(~SM prediction)

0.8
Sce

Contours give -2a(In L) = Ayt =1, corresponding to 60.7% CL for 2 dof

FPCP, May 2013



SVD+PXD

er 17°< 6 <150"

DSSD ladd
__DSSDladder——__

?ﬁ

Interaction Point

FPCP, May 2013



SVD+PXD

r [cm] PXD+SVD Belle Il
20

[cm) E\Ieayers DSSD’ S/l
o 7, \\\ﬁééé?ii::3>*/ __irceas
: 3 _ ?f
O- | |1+2,,\| — , 5
-30 20 10 0]

FPCP, May 2013



SVD+PXD

r [cm] PXD+SVD Belle Il
20

[cmb layers DSSD’ SJ
:%ws z
o8 -
I 3

A4 =—— _— pixels

17°< 6 <150°

DSSD ladder
= >

=l R

sl NN

Improved vertex determination accuracy,
Improved K, —7* 7 (with 7 hits in PXD+SVD)
reconstruction efficiency

FPCP, May 2013



Summar

Requirements
« (0(10?) higher luminosity

» complementarity to other intensity
frontiers experiments (LHCD,
BES Ill, ....);

« accurate theoretical predictions to
compare to
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Requirements
« (0(10?) higher luminosity

» complementarity to other intensity
frontiers experiments (LHCD,

BES III, ....);

« accurate theoretical predictions to

compare to

Dhasrabls SM Theory Present Future |Future
prediction error result error |Facility
[Vis|  [K — wiv] input  |0.5% — 0.1%pas|  0.2246 £ 0.0012 0.1% | K factory
Vao|  [B — Xotv] input 1% (41.54+£0.73) x 1073 | 1% |Super-B
[Vas|  [B — wtv] input 10% — 5%1ate | (3.38+0.36) x 1073 4%  |Super-B
v [B — DK] input <1° (70£27)° 3°  |LHCb
8Bk sin(24) <0.01 0.671 =+ 0.023 0.01 |LHCb
85, raiih 0.036 <0.01 o810 12 0.01 |LHCb
Spy ek sin(28) <0.05 0.44+0.18 0.1 |LHCb
Sp._4s 0.036 <0.05 — 0.05 |LHCb
8B, iy few x 0.01 0.01 —0.16+£0.22 0.03 |Super-B
Sp. gy few x 0.01 0.01 — 0.05 |LHCb
AL —5x 1074 104 —(5.84£3.4)x107% | 10=% |LHCb
Agy 2 x 1075 <107° (1.6 +8.5) x 1073 10-%  |LHCb
Acp(b— s7) <0.01 <0.01 —0.01240.028 0.005 |Super-B
B(B — 1v) 1% 1074 | 20% — 5%rae | (1.7340.35)x 1074 | 5% |Super-B
B(B — uv) 41077 | 20% — 5%Late <13x10°¢ 6%  |Super-B
B(Bs — ptp) 3x107% | 20% — 5%Last <5x108 10% |LHCb
B(Bg — ptp™) 1x 1071 | 20% — 5%Lats <1.5x10°8 7 LHCb
App(B — K*ptp) g 0 0.05 (02+0.2) 0.05 |LHCb
B — Kvp 4x 1078 | 20% — 10%Lat <14x107° 20% |Super-B
|2/P| D —mixing 1 <1073 (0.861518 0.03 |Super-B
ép 0 <1073 (9.6153)° 2° | Super-B
B(K* — ntvp) 8.5 x 10-11 8% (1737115 « qg=10 10% | K factory
B(K1 — %) 2.6 x 10-11 10% <2.6x1078 7] |K factory
RE/M(K — mtv) 2.477 x 1075 0.04% (2.498 +0.014) x 1073| 0.1% |K factory
B(t—cZ,v) D10 O (10713) < 0.6 %1072 O (107°) |LHC (100b~1)
AB —Xsp) 6% Super-B
AB —Xyg7) 20% Super-B
S(B —py) 0.15 Super-B
Hr—py) 3-10°  Super-B (90% U.L.)
AB* —»Dr1v) 3% Super-B
ABs —yy) 0.25 106  Super-B (5 ab?)
sin24, @ Y(4S) 3-:10% Super-B

Adopted from G. Isidori et al., Ann.Rev.Nucl.Part.Sci. 60, 355 (2010)

FPCP, May 2013



Summar

Requirements
« (0(10?) higher luminosity

» complementarity to other intensity
frontiers experiments (LHCD,
BES Ill, ....);

Super B factory
LHCb

K experiments

» accurate theoretical predictions to
compare to

Dhasrabls SM Theory Present Future |Future
prediction error result error |Facility

[Vis|  [K — wiv] input  |0.5% — 0.1%pas|  0.2246 + 0.0012 0.1%

Vao|  [B — Xotv] input 1% (41.54+0.73) x 1078 | 1%

[Vas|  [B — wtv] input 10% — 5%1ate | (3.38+0.36) x 1073 4%

v [B — DK] input <1° (70£27)° 3°

Spasex sin(28) <0.01 0.671 =+ 0.023 0.01

85, raiih 0.036 <0.01 o810 12 0.01

Spy ek sin(28) <0.05 0.44+0.18 0.1

Sp._4s 0.036 <0.05 — 0.05

8B, iy few x 0.01 0.01 —0.16+£0.22 0.03

Sp. gy few x 0.01 0.01 — 0.05

Ag —5x 1074 104 —(5.8434) x107% | 1073

Agy 2 x 1075 <107° (1.6 +8.5) x 1073 108

Acp(b— s7) <0.01 <0.01 —0.01240.028 0.005

B(B — 1v) 1x 1074 | 20% — 5%raw | (1.7340.35)x 1074 | 5%  [Super-B

B(B — uv) 41077 | 20% — 5%Late <13x10°¢ 6%  [Super-B

B(Bs — ptp) 3x107° | 20% — 5%Latt <5x108 10% JLHCb

B(Bg — ptp™) 1x 1071 | 20% — 5%Lats <1.5x10°8 7 LHCb

App(B = K* it i) 0 0.05 (0240.2) 0.05 [LHCbH

B — Kvp 4x107% | 20% — 10%Late <14x107° 20%  [Super-B

|2/P| D —mixing 1 <1073 (0.86751%) 0.03 [Super-B

ép 0 <1073 (9.6153)° 20 |Super-B

B(K* — ntvp) 8.5 x 10-11 8% (1737115 « qg=10 10% K factory [

B(K1 — %) 2.6 x 10-11 10% <2.6x1078 [?7] | factory

RE/M(K — mtv) 2.477 x 1075 0.04% (2.498 +0.014) x 1073 0.1% JK factory

B(t—cZ,v) D10 O (1071%) < 0.6 %1072 O (107°) |LHC (100b~1)

AB —Xs) 6% Super-B

AB —Xyg7) 20% Super-B

S(B —py) 0.15 Super-B

Az —uy) 3-10° | Super-B f90% U.L.)

AB* —»D1v) 3% Super-B

ABs —yy) 0.25 -106 | Super-B [5 ab?)

sin24, @ Y(4S) 3-10* LSupenR

Adopted from G. Isidori et al., Ann.Rev.Nucl.Part.Sci. 60, 355 (2010)

FPCP, May 2013



Summar

Requirements
« (0(10?) higher luminosity

» complementarity to other intensity
frontiers experiments (LHCD,
BES Ill, ....);

Super B factory
LHCb

K experiments

» accurate theoretical predictions to
compare to
—> theory uncertainty
matches the expected
exp. precision

—p theory uncertainty will
match the expected
exp. precision with
expected progress in
LQCD

Dhasrabls SM Theory Present Future |Future
prediction error result error |Facility

[Vis|  [K — wiv] input  |0.5% — 0.1%pas|  0.2246 + 0.0012 0.1%

Vao|  [B — Xotv] Nput ey 1% (41.54+0.73) x 1073 | 1%

[Vas|  [B — wtv] input ==—10% — 5%rate | (3.38£0.36) x 1073 4%

v [B — DK] input <1° (70£27)° 3°

Spasex sin(28) <0.01 0.671 =+ 0.023 0.01

S5 iy 0.036 <0.01 o810 12 0.01

Spy ek sin(28) <0.05 0.44+0.18 0.1

Sp._4s 0.036 <0.05 — 0.05

8B, iy few X 0.0 ey 0.01 —0.16+£0.22 0.03

Sp. gy few x 0.01 0.01 — 0.05

Ag —5x 1074 104 —(5.8434) x107% | 1073

Agy 2 x 1075 <107° (1.6 +8.5) x 1073 108

Acp(b— s7) < 0.0] === < 0.01 —0.01240.028 0.005

B(B — 1v) 1 x 107" w97, — 5%1000 | (1.7840.35) x 107* | 5%

B(B — pv) 4 x 1077 m=—_ s 5% <1.3x1078 6%

B(Bs — ptp) 3x107° | 20% — 5%Latt <5x108 10%

B(Bg — ptp™) 1x 1071 | 20% — 5%Lats <1.5x10°8 7

App(B = K* it i) 0 0.05 (0240.2) 0.05

B — Kvp 4 X 107 O w7, — 10% 011 <14x10°5 20%

|9/ 7| D—mixing 1 ey < 1078 (0.8610:18) 0.03

ép 0 =——p <1073 (9.6153)° 90

B(K* — ntvp) 8.5 x 10-11 8% (1737115 « qg=10 10%

B(Ky — w%p) 2.6 x 1011 10% <2.6x1078 7]

RE/M(K — mtv) 2.477 x 1075 0.04% (2.498 +0.014) x 1073|  0.1%
B(t—cZ,v) D10 O (1071%) < 0.6 %1072 O (107°) |LHC (100b~1)
AB —Xs) 6% Super-B
AB —Xyg7) 20% Super-B
S(B —py) 0.15 Super-B
Az —uy) 3-10° | Super-B f90% U.L.)
AB* —»D1v) 3% Super-B
ABs —yy) 0.25 -106 | Super-B [5 ab?)
sin24, @ Y(4S) 3-10* LSupenR

Adopted from G. Isidori et al., Ann.Rev.Nucl.Part.Sci. 60, 355 (2010)

FPCP, May 2013
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« search for NP at intensity frontier, complementary to
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Summar

« Belle Il: successor to B factories with 2(102) larger data sample

« search for NP at intensity frontier, complementary to
energy frontier and other precision experiments

« physics benchmarks, methods, .... known from B factories,
need to think about modification of those (and new ones)
more appropriate for huge statistics

« Belle Il and SuperKEKB well on track, scheduled to start
iIn 2015

FPCP, May 2013



General requirements

accelerator sinZQl

beam backgrounds

beam asymmetry Bo1v
B > hvv

detector upgrade
high level trigger T 2
detector upgrade schedule

Sinb—o>sy
BO —»KmO o
= CPT violation
SVD+PXD T violation
B — Kz DCPV Sin®6y
TOP BO —> KTCTCO

Charm mixing and CPV

inclusive b »> sy

FPCP, May 2013



Introduction

Accelerator
_ Factory ,

/ | {
- 1 L ‘M;._-I;

/[

FPCP, May 2013

‘——> accelerator
KEKB @ KEK Institute

KEKB:

e (HER): 8.0 GeV
e* (LER): 3.5 GeV

crossing angle:
22 mrad

Ecus=M(Y(4S))c?

dN{/dt = o(e*e—f) L

2010

[£dt = 1020 fbt
B (1.02 ab?)




Introduction

Accelerator
BF, KEKB @ KEK / PEPIl @ SLAC

Belle [£dt ~ 1020 fbL
BaBar | £dt ~ 550 fb-1

E‘ 25
'E' 20 F " T(1S)
@ | i
S sty —_ energ. threshold
-c.‘; o + * W rasy for BB production
o~ I N PR O V.Y 1 Y(4S)
I TR AL (. T AR
« " : QoA A =
on resonance prOdu_Ctlon Q 9.44 916 10.00 1o.oIz 10.34[ 1037 1054 10.58 10.62 T
e*e” » Y(4S) - B4"B,°, BB~ _ o AR SReNIED
o(e*e” - BB) = 1.1 nb (~10° BB pairs Belle)
"continuum” production, qQ, #Z r
_ = _ e - (hadrons)
o(e*e” - cC)~ 1.3 nb (~1.3x10° X_Y,. pairs BeIIe) /— Y<
running at Y(nS), e.g. Y(5S) (B.B.)  back - (hadrons)

FPCP, May 2013



Accelerator

Luminosity: high-current: large |
Beam-Beam parameter _ .

Lorentz factor Beam current nano beam. Sma” By*

\ Geometrical Iarge E.iy oC \/(By*/gy) —= Sma” 8y

¥ ol ) LE /R o et hourglass effect = small B.*
L — s 1 + ':: + “_yi L hourglass effect) . . )
Der c J 13+ B*: beta-function (trajectories
¢ * vt X8 envelope) at IP

Vertical beta function at IP
Beam aspect ratio at IP

\T/ Tum / /
= 100um” ==
small B, {fmm: 5.9(LER)/5.9(HER)— 0.27/0.30 i I
small B,*[mm]: 1200(LER)/1200(HER)— 32/25 0,~100um, o, ~2um
small ¢,: keep current §, 0.101(LER)/0.096(HER) — 0.09/0.09
increase | [A] 1.8(LER)/1.45(HER) — 3.6/2.1 dyen
100pm/‘
small ¢ LER: longer bends; HER: more arc cells |
small B*: separate quadrupoles closer to IP 6,~10pm,s,~60nm

small ¢, B*:  small dynamic aperture, larger Touschek background and smaller 1,

dynamic aperture: phase space volume of acceptable trajectories;
Touschek effect: Coulomb scattering causing transfer of transverse to longitud. momentum
between particles in a bunch; if transfer is too large particles are lost back

FPCP, May 2013



Accelerator

Hourglass effect . . .
_g ) ] N1N2 Z:x,y : \/(Gx,yl 2+Gx,y2 2)
naive luminosity formula: L=—"1"% horiz., vertical bunch size @ IP

23
valid if o, << B*, ,; :\" \
if not = o, , depending on B*,, = reduction of luminosity; = ',',,\ .

(BY*  B(s) function

effect: more involved formula [ _~ NG
o2 = o2(14 2> 1 2 (o +U;%
wo w8 v =R\ B3 _
2 = o214 2 1 %2 (oj N 053 fOClljZIc;\g defocusing
P ye g2 o on2 \ B2 T B2 q quad
r N1 N, /00 du g
0= ‘ - ~
2wE3%5 J-0o /T \/1 + ’11,2/uf:\/1 + u? fu

to avoid large hourglass effect (reducing £):

head-on: B,*>c,  crossing-angle: By*> L= o, /o oc B>/

back
FPCP, May 2013



Accelerator

Touschek effect

In Coulomb scattering between particles in a bunch transverse momentum
Is transfered to longitudinal one (multiplied by v);

iIf the longitudinal momentum transfer exceeds accelerator momentum
acceptance particles are lost;

beam current decreases exponentially:

E - — 1 dNbunCh H. Wiedemann, Particle Accelerator Physics, Springer
4 Nbunch dt
3
870,0,0, o[ Ap 1 App,

r=— 4 E=l "5

e CN bunch I Po ace D(E) MmCy o,
Npunch/ 0x0y07: particle density in bunch feofiel_cég ore important
(4p/Pg) ace: momentum acceptance
[ orbit radius

for large t: increase (4p/py),c.: this also reduces o0, 0, but the overall effect
on t is positive

back

FPCP, May 2013



Accelerator

high current option: dynamic aperture:

high operation costs Ox ?ncreas?ng (B"By")

) increasing T,

- too low beam-beam parameter eam

- CSR prevents squeezing the beam

- difficult to find solution for IR with
low enough p*

Touschek Lifetime: 603.7 sec
L 4 l T L4 T L [ Ll Ll T L ] Ll n v T I Ll Ll Ll Ll " L L Bl T i I
1 L]

— HER '[:Touschek:604 S — 0

(Ap/ po)acc

anf- = " - sler_1678.sad
L . . J Touschek Lifetime: 622.4 sec
bx : " L ) i T [ T T T T ] T T T T ' T T T T I Y T T T ] T T
- - E) - o
a4t N B = . LS ] sof— TTouschek_62 S 2
10f— ',./ .o e -\“‘,\ -] 3 L E R S ” ——*“.‘---\_ " A 4
[ e ‘ [ == \ ]
i o e L 2 N ]
i -t 2 2 g v \
: ’/Vl 3 ] A /' >y ._»:'._ e .~o—4 - \\-' :
- / = ¥ S s ez L \ N
! S -ae PR 1 ! ‘ >t L f & e \
15 W0 5 0 5 ) 3 Il //'/ \:' \
AL O, o ¥ N )
. i \ |
S \
design value for t : 600 s L S
Touschek - Ae ! O,

back
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Accelerator

SuperKEKB parameters

E (GeV) B*y (mm) | B*x (cm) | & (nm) () | (A) L (cm-2s)
LER/HER LER/HER LER/HER | LER/HER | (mrad) | LER/HER
KEKB 3.5/8.0 5.9/5.9 120/120 18/24 11 1.6/1.2 2.1 x 10%
SuperKEKB 4.0/7.0 0.27/0.30 3.2/2.5 3.2/4.6 41.5 3.6/2.6 80x1034
ack

FPCP, May 2013




BG loss position

Accelerator
A R s =408
n 3 = \
T T P ig— :
[ e, — i |

by type

I
m
A

~
q))
<

ack

=
a

. Loss Pwattaga [W/8cm]
= =
o 0

o
B

0.02

Rad.
Bhabha

Touschek
Coulomb

BB RadBhabha(LER) | |

EE RadBhabha(HER)
— Touschek(LER)
—— Touschek{HER)
I Coulomb(LER)
B Coulomb(HER)

0.63 W (eff.
0.98GHz)

0.16 W (0.25GHz)
0.06 W (0.09GHz)

LER(e+)

1GeV ,
1 Losszpositign z[mil 1GHz

= 0.16W
0.88W (eff.
0.78GHz)

0.03 W (0.03 GHz)
0.001W (0.001GHz)

FPCP, May 2013



Accelerator

Movable collimators

Touschek background: reduced by horizontal collimators %/
\600 S ‘

sy i

I
(t
Lt
M
Beam-gas background: reduced
by vertical collimators colng water g
Mask head e
Synchrotron radiation:
reduced by collimation on
incoming ia. e ~
beam pipe 20mm Dia. | ‘ Y
9mm v ) =;;/)
| S 1Y
03 1 13 X

ack

FPCP, May 2013



Accelerator

ARICH: dose ok, neutron flux
on inner rings high
(limit 10 n/cm?/year )

PXD occupancy due to SR:

Occupancy at good alignment
LER SR: 0.6%+-0.15% (1%t half at phi=0)

HER SR: 0.5%+-0.3 % (all ladders) ECL.: crystal neutron flux, diode
dose ok, crystal dose (10% over

In case of misalignment, 10 year tolerance) and diode

LER SR: 1.0%+-0.15% (15t half at phi=0) neutron flux (2x 10 year tolerance)

high; main source rad. Bhabha
PXD, SVD: not dominated by rad. Bhabha, HER
SR at limit

=
CDC: wire hit rate, dose ok; neutron (<2.6

10" n/cm?/year) not satisfactory further mitigation of specific

types of backgrounds for some
TOP: dose , neutrons ok, photoelec. flux = detectors

too high (2 MHz/PMT, mainly from rad.
Bhabha)

back
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Accelerator

larger asymm.: larger boost, better relative decay time resolution,
better continuum bkg. rejection
smaller asymm.: more isotropic events, better hermeticity

sBelle Design Group, KEK Report 2008-7

t-dependent:
— B - Jly Kqg
— B> ¢ Kg
D*—D%r, D° —» K*K-

b
Mo

—
X}

e
M
e

t-independent:
— B —>1v

-
e
-
P
-
-
-

of L for same sensitivity

effective reduction

not including improved resol. of
3 3.2/ 34 36 38 upgraded PXD+SVD!
E, = (GeV) If 6(Az) improved by 10%-15% —

., =180 um, By=0.425 — c,,=1.4 ps o(t-dependent) improved by 5%-10%
A Hm. By A=A P > effective [£dt: 110%-20%

'hl—'4_

back
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Accelerator

1 | 2 | 3 | 4 | 5 ‘ 6 ‘ 7 ‘ 8 ‘ 9 ‘ 10 ‘ 1 ‘ 12
TOP VIEW
N Hackivatd Barret Forward A
i . #uper conducting coll LM
B | B
o = 1 ”‘»}'L"%Q‘fnﬁ‘ﬁ‘? TIIT = ]
O L R AV L o/ /)] )]
- IR e LT[ EOU /777087
R —— SVSVUVARRR RN IR AR ER O 7 e
° o =1 \ _ NNEE
coc . e
— Ta (25
- SVD PXD(2 layers [ et 3 o
310 570 -1 = ‘@ g
D gg 280 . — ‘|‘(___:‘1 ‘(T) D
1l acs Smalllcell chamber _|Z T = A ‘Igd__e-
P — L g s : =S = T Te—— !
'\ SVD = /
E IP Chamber 1 E
| 373(Cryostat) | 600{Cryostat) |
- | cpe =
\-\\\H
F _ // -h—‘"'“‘H-,__ 5
SVD: 4 DSSD lyrs = 2 DEPFET lyrs + 4 DSSD lyrs W
CDC: small cell, long lever arm : |
KM g [ e [
ACC+TOF - TOP+A'R|CH g}m{,ﬂggmﬁ'o_ Al |": |‘m H
. L LI ™
ECL: waveform .sar.nplmg (+pure Csl for endcaps) | e Tz
KLM: RPC = Scintillator +MPPC (endcaps, barrel inner 2 lyrs) ack T

FPCP, May 2013



Accelerator

KL and muon detector:
Resistive Plate Counter (barrel outer
layers)

have to deal with:
* higher background (10-20x)
radiation damag& [EM Calorimeter:

p—

Scintillator + WLSF + MPPC (end-
' Csl(Tl), waveform sampli
higher occupancy T
* higher event rates caps) \

i mnnqubarrel layers)
\
DAQ (L1 trigg. 0.5 —30 kHz)

A ‘kﬁé%%Zif

ticle Identification
e-of-Propagation counter

rrel)

v o

electrons , 1 :
HLT (-5 kHz) 6ev) A o
« improved performance Beryllium beam pipe 77 |y e
.. 2cm diameter J("""/{(’ ""'\iség.\\\ ,
hermet|C|ty Vertex Detector ////% ¥ -y
2 layers DEPFET y4/layers v
DSSD /// —~ ' f y positrons
Central Drift Chamber : (4Gev)

HE(SO%)IC2H6(5O%), 'f‘-':;;, :.
long lever arm, fast electronics™

BELLE &'

BELLE Il o

i

ack E:

FPCP, May 2013




Accelerator

10 kHz

30 kHz =

,Prompt

back

- _ - - - - - el - o
PXD
Event :> Online
—|_K|buildi _
BE;E{:Q j Level3 »| Reconstruction chain :> Physics | HIeing storage
wio PXD [ '|| trigger |w/o up to date constants Trigger

~1/3 reduction of events

k.

- Physics trigger is applied at the end of the online reconstruction chain
- Calibration constants are not tuned — loose event selection(~1/3 reduction)

Online
storage

=)

Reconstruction chain
w/ almost final constants

=)

Physics
Skim

-~

;-"-F'_'_\-\-‘-\"L

reco”

FPCP, May 2013

N/
~1/2 reduction of events

Offline
storage

5 kHz




Accelerator

2012 2013 2014
| 2012 ] 2013 | 20
| 10 | 11 | 1z | 1 | z | 3 | 4 | 5 | ] | T | B | a9 | 10 | 11 | 12 | 1 | Z | 3 | 4 | 5 | [i]
10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6
EKLM
ready to start BKLM
i EKLM ready to start BKLM
nstall. resd insta)lll./ = Belle roll-in
Belle rutatiu1m&tml—in& ol \ Belle roll-
Belle rotation / BKLM (layer 0,1)
& roll-in & roll-out install. & comiss.
B e )
EKLM B-ECL cabling\

install. & comiss. \ & test

back
FPCP, May 2013



Accelerator

2014 2015
4 7 I B I ] I 10 I 11 I 12 I 3 I 4 I 5 I [ z_ol1a i I B I ] I 10 I 11 | 1z
S\ZD g t 9 10 11  <k2« 3 4 5 6 7 8 9 10 11 + 12
ready to
: CDC ready to PXD read
start ladder mount  mecsne \ start install. o T y I
AN - =y e oo e [ B3 Physics
ready ladder machine feady installatic installatic inatallatic readchy ﬁr 0:1?1h y
\ E::urdl— \ ?l- roll- \
acs ECL ready to Belle roll-out Belle roll-in
i Magnetic Field |05 .
oo | Measuwrement  |TtSHeE startinstall. TOP install. & comiss.
— CDC install. & comiss.
T T T TOP ready — _
QCS  Magn. field QCS ARICH ready Belle Il comiss.
integrat.  meas. install. to start T~
install. |
e
‘ ARICH install. & comiss.
ECL install. & comiss. _
SVD ladder mount VXD integrat., comiss., install., comiss.
ack
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D. Atwood et al., PRL79, 185 (1997)

t-dependent CPV

In SM: helicity structure of effective Hamiltonian
br =S, 7. o« m, (since W in loop couples to b, spin flip required)
or
b, —Sgyr o€ Mg

SM favored

SM disfavored,

. enhanced with RH current
interference A N\p@"’" T b"' )
mixing/no-mixing for e ~_ L o
< m, ~4.8 Ge o C/zj//%

br =Sy, o« my 7)) ; 76 sk

— _ Sk SL
br — bg =Sy e mg b, _— br
CPV in SM o« mJ/m, %\’\YR J T

appropriate modes: K*(K 0y, K.ny, Kby (ang. analysis necessary), ...
NP with heavy right-handed fermions in loop can enhance CPV;

ack
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D. Atwood et al., PRL79, 185 (1997)

B > K* ( _)KSEO),Y B. Grinstein et al., PRD71, 011504 (2005)
In SM: Scp(K*y) ~-(2mJ/m,)sin2¢, ~ -0.04
Left-Right Symmetric Model: Sp(K*y) ~ 0.67 sin2¢, ~ 0.5

3 4L
o L
SCP(KSTCOY) =-0.10 +0.31 +0.07 Belle, PRD74, 2 0.75F
Acp(K¢nly) = -0.20 £0.20 +0.06 B =L
for m(K %) < 1.8 GeV (mainly K*y) S o
largest syst. from signal fract. and resol. f. 5-0.25_
g —0.5'_"
important additional improvements with g‘“?;
- m ) P s aalasaslazaslasaslassalsaaa
upgraded SVD (K, - IP vtx) N e
At (ps)
Belle, PRL101, 1
similar sensitivity for K p% é?%&oé(éoo&’ 0.5 + | _(i) |
(dilution from K*xy) 0 T —
0.5

ack
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B — K* (—KgmO)y
t-dependent CPV
expectation:
main syst. scales with luminosity
o(S(K %))=0.09 @5 ab
0.03 @50 ab?! (~SM value)
+20% increase in K, acceptance with SVD

DCPV
suppressed by |V, V Vi Vi, as(my) (strong phase), (mJ/m,)? (GIM);

OPE:
Acp(B—Xgy) = (0.44£%24, 1 )% | T.Hurth et al., Nucl.Phys. B704, 56 (2005)

semi-inclusive analysis:

K+(1-4)m; KKK(n), KKK (n):

Acp(B—X ;M <2.1 GeV) = (0.245.0+£3.0)% | Belle, PRL93, 031803 (2004), 140 fb
syst.: bias (detector charge asymmetry), possible bkg. asymmetry, uncertainty of M(Xs) shape

D= control sample measured asymmetries non-scaling
back in other decay modes

FPCP, May 2013



Example of complementarity:
MSSM searches

contours of S(Ksn%)
R —

N seBokey)
m; =m; =1TeV wy o
S(Kgn%) ~ -0.4+0.1 ¥
S(Kgn%) ~ 0.1+0.1 T K
— Belle Il constraints shown @ 5 ab! ,;; § =
> L !
B(Bs —»p'p)~ (0.8+ 18, 5)-107 T é
(B(By »>utp)~ <4.5-10°@95% C.L.) 201 ﬁ\ :
LHCb, 1 fbt, Moriond EW 2012 : :
LHCb constraint: Br(B, -»p* )~ (4-5)x107§
(@3 1) tan 3 s
(not yet updated for the recent contours of B(B, —>p*w)

LHCb measurement)

o A.G. Akeroyd et al., arXiv:1002.5012
Belle Il/LHCb combination:

stringent limits on Re(8%, ), , tanp
back

FPCP, May 2013



r [cm] PXD+SVD Belle Il SVD Belle
20
[em) :\ngs DSSD’ sj
10 S $/ DSSD ladder ——— 17°<0<150° _
. 3 | ?f
- m1+2m“mwm_WXT. pixels .
O 1 1 1 1 l 1 1 1 1 l 1 1 1 :\l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 I -

-30 -20 -10 0 10 20 30 40
sBelle Design Group, KEK Report 2008-7 z [cm]

R | Impact parameter resolution z0 |
ST

—10*

; R/lemml

Resolution [um

10?

prototype DEPFET
sSensor back

FPCP, May 2013

0 05 1/1.5 > - —
Belle Il pB*sin®2(0) [GeV/c]



* |n 2012, Belle Il SD DEPFET sensors with different characteristics where tested under 6

GeV electrons and 120 GeV pions Hit Residual X RMS90 ETA ZS3
DEPFET Charge Distribution nor| ) H4.1.11 |
f ) [Charge 5 !
o0 | o Tan 7 Saed charge 0.06
! J 1 Cluster charge I E
o0} H4.1.15 oos | R
- [ ™ A
z . E. , n.naé J*_
,,m; | A | oo 1|
of __.._.3?_.._..._41]..-___-_;.5..____.ﬁ_é;;;;i};h) oE L L u |:.| 1 H -1I|:- 5‘:'
_ Pitch [pm?] | Sig 3x3 [ADU] | Noise [ADU] m Residuals [pm]
H.4.1.04 (6 pum) 50x50 10.7 21.4
H.4.1.11 (5 pm) 50x75 20.9 0.6 34.8 ~13
H.4.1.15 (5 pm) 50x75 23.9 0.6 39.8 ~13

Sensor production runnig, 3 months ahead of schedule

ack

FPCP, May 2013



PXD DAQ

PXD: separated readout
30 kHz rate reduction to 10 kHz
= Other Detectorsb High Level Trigger —»{ Event Builder

] pworomcowsh. i[O

§~~
-

'
o~y
o PXD - reduced PXD data
PXD data 40%20 MB/s

1/30
WL ATCA/ONSEN

Region Of Interest provided by HLT helps CDC+SVD
reducing PXD data by factor ~25 \

FPCP, May 2013



750

DCPV puzzle:
tree+penguin processes, B*0) —K*+x%C) 500
AA = A(K*77)- A(K* %)= -0.147%0.028

model independent sum rule:
B(K°rt)rgo
B(K+n=)rp+
2B(K %%)
B(K+r—)'

Ap(E+nm) + Ap (KOnt)

2B(K+7TO)TBO
B(K+n—)rp+

M. Gronau, PLB627, 82 (2005);
D. Atwood, A. Soni, PRD58, 036005 (1998)

A (KT n°) + As (K%

a Ka*

misidentif.
bkg.

measured
A(K°7)=0.009 +0.025

(HFAG)
A(K*7°)=0.050 +0.025
A(K*7)=-0.098 +£0.012
BefRA)5®451+0.10 expected
HFAG, Summer’1l (sum rule)

back

FPCP, May 2013




o

Test beam 2010, Cern: £

B siny

)
"

simulation

c(0c)=
14.4 mrad

]
a5 ) as ] 168 ar
O
KEK - 2
*Bulk transmittance . §
LN «Surface reflectance Prisr
N «Chips - =
N\
N
tsrm
Bar
| J

_ data

next test beam in June  IEGCHE
16.1 mrad

System of quartz testing:

Electronics:

baseline electronics after problems
achieving requested <100 ps resol.;
tested with cosmic rays just recently

backup electroncs prepared (robust
and proven system) to be used for
June test beam if necessary

FPCP, May 2013




Inclusive

Inclusive b —s(+d)y

FCNC process;
sensitive to NP in loop;

experimental challenge:
huge background

only y reconstructed on signal side

continuum.

0 — yy

- nN=>v
b— sy

Br(B— X.y;
1.7GeV <E,) =
= (3.47

10

10°

Entries per 33 MeV

10

107

10°

0

Monte Carlo mstsemma

140 fb!

W From pi0

W From eta

B Mis—Ided

[ AddBg

[] Other apuree

[] From cantinuum

Bsig v 4

(< - X T 015 + 040) . 10 B s s 2 26 28 3

Btag \ S E CM energy |GeV|

30000 I } 1I { { =

£ 1.26 GeV < E < 2.20 GeV soooollT l 1 1 I} R

- > I I t7

=) = 100001 | ][ I [ 1 B

Zof [ YOS off on S el ] i¥

g t § I i ]

5 15F ¢t ; Z-10000{-T+ & —

K : + Y(2S) l l o :

T o &0 ,-’1 Y(39) 20000f- |17 -

w b S S * b —dysubtracted 1

L i b SN B .

© > : 10—{+ AR SCIPYEN M.%..‘.‘.&“..s"l\t,4_. 80000 . | e e Loy mev S s | wes | ety s -
ob s o , , ; . , 1.4 16 18 2 22 24__26 28

9.44 946 10.00 10.02 10.34 1037 \ 10.54 10.58 10.62 E"’ [GeV]

back Mass (GeV/c2)
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Inclusive

Inclusive b —>S(+d) ¥y M. Misiak et al., PRL98, 022002 (2007)

main syst. uncertainties: continuum G(B?f
subtraction, y’s from sources other than =%, n 0.35

0(57'70'4 0.3

- expected accuracy on AB —sy)at Belle Il 0.25
0.3 L o
un-tagged

assuming 109% °-1°
0.2 Syst. dominated( d C

: of data at off . e
W tag| measurement! ) 5.8 3 3:2 Bwd = B3ub ; 4 Br4.2
o 5)~0.10-10

0.1 -

5 10 15 20 25 30 35 40 45 50 [Llabl]

0.02 | expected accuracy on A.p at Belle
o(Acp)

sum of exclusive states 0.01

Belle, PRL93, 031803 (2004), 140 fb!

b OAcp)~4-107 0

5 10 15 20 25 30 35 40 45 50 [flab]

FPCP, May 2013



sin?2 ¢1 Belle, 710 fbL, arXiv:1201.4643

¢, from B® — cc K°

Improved tracking, more data

(50% more statistics than last result with 480 fb-1);
cc =y, w(2S), e

for K_ only cluster (direction) in ECL, KLM,;

missing info from kinematic constraints;

ol At/ 750

—— {1 £ [Sr. sin(AmgAt) + Af., cos(AmygAt)]

p(At) B 47—80

detector effects: wrong tagging, finite At resolution,
determined using control data samples

" 3000F 2
%
+ All bined
?_ i —thguf“nn
= 2000F _goluts
'g I _BOAXCIKé ®
a L
@ 1000
cc Kg
0 : 5 L 1 L
5.2 522 524 526 528 5.3
M, (GeV/c?)
True K2 b kg
Fake KLU bke.

Combinatorial bke.

cc K,

0 {0 {0
B — J/YKJ B — J/YK; B — ¢(25)K;
8%00F g ) ix 2
S %9 3 2 po ,«“’ﬁL N BO |2 1o
a/280 » 200 R » °
— 2 / |,|'| ’ \ .2 .2
£ 200¢ S 150} TN g £
w 150 Bl 6o ; / {,-'.: ‘-,.\ w w
100} i // AN
50 ] g \\‘,N
s a2 o2 6420246 "% 3 20 2486
At (ps) At {ps)

FPCP, May 2013



sin2¢;

SIN2 ¢,

sm(zs) = sin(29,) FEE

Belle, 710 fbL, arXiv:1201.4643 S — i il
PRD 79 (2009) 072009 I
S=0.667 £+ 0.023 + 0.012 Esgaéro ?2003) oo 0.69 +0.52 +0.04 + 0.07
= 0. + 0. + 0. BaBar JAy (had K { 56+ 0.42 + 0.
A= 0.006 + 0.016 £ 0.012 PgD%rg (2%[%4?0;385) 5 | 1,56 +0.42+ 0.21
: : e , Belle { 0.67 £ 0.02 + 0.01
main SyStematIC uncertainties: "~ Moriond EW 2(]11 prehmlnary :
vertexing, At resolution, tag side interf. AL 43, 250 (2000) L 0.84 7103 = 016
OPAL f | 3.20 1%+ 0.50,
“ ” EPJ C5, 379 [1:998} ' -
bread&butter” of BF; CDF ; N 0.79°241
] . . PRD 61, 072005 (2000)
not the main motivation of SBF, LHCb f | 05392 +0.05
. . LHCb-CONF-2011-004 o
but still extremely important Average E 0.68+0.02
HFAG
O'(S) = -2 -1 0 1 2 3
0.02 expected accuracy on sin2¢, Irreducible” systematic
0.015 at Belle Il uncertainty decreased py
50% compared to previous
0.01 estimate
0.005 o(S)~0.008
0 | |
ack 5 10 15 20 25 30 40 45 50 flab?]

FPCP, May 2013




383 M BB pairs
<500
B—> v &
AB* —7*1)=(1.80 + 0.56 + 0.26) 104 5 P07
g L 0 0.2 0.4
BaBar, arXiv: 1008.0104, 350 fb? “ 300
| + Data
F | === Total
200— — acKgroun
AB* —7v)=(1.65 +0.38 £ 0.36) ‘104 —— L= e Preliminary
Belle,PRD82, 071101 (2010), 605 ot o 2
. . . T 7 hadronic t
main syst. is reducible: bkg. ECL shape, ¢ O ot e s o f;tg '}é?;w
Biag); “n
g/ I
G(@'10_4 %400 ; +
04« - (9350 | N, =154 t 36 ~
os : expected accuracy on AB* —1'v) L3300 =
a at Belle Il, semileptonic tag S250 |
02> ©200 |
8 c -
150 |,
: m L 1
01 1100 |- _
50 - ;7':1?‘02?
5 10 15 20 25 30 35 40 45 50 flabl] 0 bl L

O 025 05 0.75 1
including hadronic tag,6(2)~0.06:10 EecL Gev)

FPCP, May 2013



Belle, PRD 82, 071101(R) (2010) 605 fo-

BY - v % 600 [ +

_ _ 5 5002— f%
semil. tagging B,,* — D™0 /v i w0 b o
control samples: : f
Bie® — D®* /v (B bkg., including peaking % F b
bkg.), 200 oy
off-resonance data (bkg. from continuum), . - +++H -
E:c,_ sideband (data/MC comparison), i Wgsbf_tf"" e,
select. variables sidebands ( shape of S % s T L
mainly non-B bkg.), 00000
double tagged B,,* — D0 /v g;g;_
and By, — D®° /v (signal shape) 2 300F

o250

main syst.: tagging ¢ (estimated %2002
by B(B* — D*° /v) from double tagged events), L%’}gg_ :
signal yield (peaking bkg. with K’s, variation 50 /
of B's for Ky) oELL .
o(Br(B* -> 7v)~0.05-10™ @ 50 ab™ ok v Hee 0'5E(;'C?L5(G1eV)

FPCP, May 2013



B —hvy

BsigBtag —(hv1)(X4) semil. tag

—(hvv)(X) hadr. tag

Sig

fully (partially) reconstruct B,,;

reconstruct h from By,—hvv;

no additional energy in EM calorim.; signal at
Eec ~0;

new B, full reconstruction:
NeuroBayes, &' x1.8;

TOP detector &,,<7 x1.1-1.15/track;
ECL, increased background:

&nag™ X0.8, purity x0.9;

together: Ng,: X1.8; N, i X0.9

semilep. tag:
full
Esemil ~5 €had !
ka semil 10 kaghad

g
back

A ( J
a) ’ b
Belle, PRL99, 221802 (2007), 490 fb-L
9 E_ ]
gEsignal 5y BO _, g*0pp

7 Eregion. hadr. tag

—

02 04 06 08 1 12 14
-~ exp. signal (20xBr) EecL (G&V)
exp. bkg. (scaled to sideband)

o IIIIIIHII

O ahNWhE OGO
Ill|llll|llll

BO — K*0py
Np=P=4.2 £1.4
(stat. of MC and sidebands,
ECL distr. checked with wrong-sign)
NgP=0.34
(AB° — K*Opy) = 1.3x10°
G. Buchalla et al., PRD63, 014015 (2001) )

FPCP, May 2013



—Re (CEC}V%*) 25 ;

B —hvv [CYR + |Cy2 f ¥V
W. Altmannshofer et al., °z

J£dt=50 ab™! arXiv:0902.0160 il Fy

semil.+hadr. tag: g

NSIg ~240, kag ~46OO o _

AB° — K*%y1) can be measured to £30%;

similar precision for AB° — Kqvv);

C T A 1 !
0 05 1 15 2 25 3

B > Kovy VICEP + TCRP

includes irreducible background from (C7)M|

B > v 1 >K'v; .

AB* > K BB+ — 1v) Kt — KHv) ~ 20%: % c) BY — Kty

if AB* — rv) known to £8% = negligible 20

contribution to uncertainty; : "+‘

B* — K*vvsuffers from larger bkg. than B® — K*Opy : wﬁ

need to use NeuroBayes with larger purity N e R R R

and smaller eff. (P x2, g, x1.6) Ecc (GeV)

NpyP=20.0 +4.0

Ngig ~500; N4 ~17.5x103 Ng;,®?=0.52

AB* — K*vy) can be measured to +30%; (AB* — K*vy) = 3.6x106
back G. Buchalla et al., PRD63, 014015 (2001)
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UL simplified (1D) toy MC
90% 4 .
Searchfort— uy Bt > py)
1107 ° Ll
L -
w/o polarization:

ULggee(B(t — 11 7)) ~ 3x10° @ 50 ab? Ly

w/ polarization: 0.4
factor ~(2-3)x better sensitivity 0.2, |
decays r— 3/ /h% background free 02 1 10 Labd]
ULgge(B(t — pvy)) ~ o 1/ L to ~10ab e AT T T Y]
510 e AT I
> [ : O 7 woupn |
A n= :zﬁﬂu |
Bt — ny)<4.4 -108 0 ® :
Belle, PLB66, 16 (2008), 535 fb? o caigem AN ||
Updated expected sensitivities | ew_.\i
p p " —9: Super B fa%xﬁ'_:
K. Inami, PANIC 2011
10 10 10 1 _ {’0 1
back Luminosity (ab ')
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S_earch .for T— Uy Tl |
Littlest Higgs model T
with T parity ' T. Goto et al., PRD83, 053011 (2011) | - 0
m(T-odd £)=100GeV — 1 TeV,m(T-odd q)=500GeV 9 L0
expected sel_’lsitivity on B(t — uup) and 1000 |
B(t — py) will severly constrain allowed

parameter space 101 1

_ teos |
3o 3 SUSY GUT
¢ o 1 95%CL
A et | 4| | mm allowed from Amg
| SBF !/} LHCb | mm allowed from ¢
fet \Lbll/ 4

o2 b a(v:0710.5443

Q)SNP [degrees]

back

: J.K. Parry, H.-H. Zhang,

B(t — pup) 10-12101110-1010°10%810°7

with expected precision
from LHCb and from

Belle Il it can easily happen
that allowed regions do

not match

FPCP, May 2013



b —Ss penguin
dominated processes:

t-dependent Dalitz analyses

5ab™:

o (AS) =~ <

0.05 f,K,
0.10 gK,

vtx reconstr. (non-scaling) improved with better tracking
sig. model (non-scaling) misreconstructed events;

10.05 7K,

50ab*:

o (AS) =~ <

0.03 f,K,

0.05 ¢K,
10.02 77K,

@
=]
9l|

250
200
150- |
100~ [k

Ty

(34
°Illol

FOEtEs

Events / (0.050 GeV/c?

m(r* ) (GeV/c?)
measure ¢,°" associated
with individual amplitudes

(0K, foK,,-..)

some syst. errors cancel in
AS = 5(sq0q)-S(I/wKy)

SuperBelle, 50 ab?
range allowed with current
HFAG central values

determine possible new

2 5 2
£(980) K - W Not including LD amplitude
(DKO _
TI’KO ;
L1 1 I 1 | 1 L1 -l 1 1 I 1 I 1
0.3 ack -0.2 -0.1 0 AS 0.1 0.2 0.3

phase with ¢ < 6,(current)

FPCP, May 2013



Search for CPT violation

allowing for CPT violation the decay time evolution of B°BP° pair is a bit more complex:

F{ v P, 1 2 | - 2 Ar AF(
P(At; frecfiag) = —2 e~TalAt] 7+ 1" + |- cosh | —2At ) — Re(n®n-)sinh = 4A¢
‘ 2 2 2 2
L U e s e
- 3 cos (AmyAt) + Im(nln-)sin (AmgAt)
7].. — ABO _’f""L'Aﬁﬂ"‘*fug —Aﬁ':’—:of,,rAB'A"ﬂ,’ug‘

b

- — =%

P , q , Y.

z #0: CPTV (¥(2), 3(2));
for z=0, A7 ;=0 and f,..=fp this expression reduces to the one used for
sin2¢, measurement;

ack
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Neutrals

Search for CPT violation Belle, PRDSS, 071105 (2012), 535 M B8

Reconstructed decays: B%— J/w K9, D®-7(p"), D*/*v

1:CP ~ff|av fflav
600 10000 2 10000
— 50 —fwgwB° —RO _
3 s00p ftag—BO “fageB°| 800 fag=B haal ftag_Bo
w 400 fta =B° o 1:rec:BO — frec_Bo
o g & 6000 & 6000
= o -
i £ 4000
G 2
W W oo b
0 . . 05588 2. 02 A 8 0 ‘swiwﬂ‘ 0 2....-;“(‘3
/ & -4 f&lO[psf 4 6 At ps At [ps]
most of difference 0.2
w - Nomng 5 - Noamnd 2
due to CPV, not £ M n::wz‘,uf.ozs f g :"n’,z,l ey f
W CP . 5 flav
CPTV . E 02 Fit to E
Fitto & - £
om,  §ofE , 1 OS 5
B o PHEIE  omm.
asymm. I§ B T ymm.
° Expect. :
xpec
EX ect_ &€ 4 -2 0 2 4 &
P At [ps] for 5 (2)= 003 AR LI

ack for 91(z)=0.28
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Search for CPT violation

IH(2)=(1.9 £3.7 £ 3.3) -102 sensitivity ~2x better than previous
5(2):(_5_7 +3.3 + 3_3) -10-3 most sensitive search
Al ITy=(-1.7 £1.8 £ 1.1) -10°2 o ERL92. 181801 (2000)

_ o PRL96, 251802 (2006)
main syst. uncertainites:
91(z): tag side interference (reducible)
3(z), AlI1: vertex reconstruction (partially reducible)

relatively easy with high statistics to reduce the errors by (2-4)x:
o(H(Z))~2 102

o((3(2))~3 -10

(Al 1T;)~1-102

to reduce further significant work on systematic uncertainties needed

back

FPCP, May 2013



Neutrals

Measurement of T violation

A. Bevan, MITP workshop on
T violation, April 2013

method acc. to B B B.|. B
BaBar, Phys. Rev. Lett. 109,
211801 (2012) T ( 4 S) Entangled State T ( 4 S) Entangled State
Pro;
ot 1— [\ ™ Y OjectiﬂrBo Y e;‘/ls )
B 1 + |/\|2 . .—’ . — J/
2ImA\
= — * X
R R T T
Be{Kg, KL} ie CP =%l At At
o < {E—i_,g_} ‘[2 t2 o
o T
Superscripts: Ks * X
tigormal ordermg. Nt At =ty —t; 1
=T reversed ordering
Projects B_ Projects B°
giﬁ(At) x e 1A [1 + C’iﬁ cos(AmAt) + Siﬁ sm(AmAt}] back
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Measurement of T violation

_ACH ASTE

Ap ~ cos AmAt + sin AmAt

+ :
in SM for cck0: AST = F2sin 203

A4C+=0
ASF = S k0 ~ S;;,Kg —1.37£0.14 £0.06
ASp =8, ko = Spi ko 1.17 £0.18 £ 0.11

exepectation for Belle Il (naive
extrapol.):
o(45%)~0.022

it result
= = = T-CONSErving case

~

< 05

-0.5

=~

< 0.5+

-0.5

- B’ = B.((*X, J/UKL)
0 2 4 6 8
BaBar, Phys. Rev. Lett. 109, 211801 (2012)

comparison to the CPV (sin2¢,) represents search for CPTV
(probably stat. uncertainties for sin2¢, and A4S* correlated

— CPTV tested to ~2-10?9)

to be compared to o(|z|) ~ 2-102
back

FPCP, May 2013



W.T. H. Van Oers et al. (Qweak),
http://qweak.jlab.org/DocDB/0007/000703/005/Qweak_Update_final2.pdf

Electroweak measurements, e e
sin24,, ==

0245 [— | w—GM

 anibis

Possibilities: ouf | fros b

forward-backward asymmetry Ag T

(e7e — 40); |

left-right asymmetry A .

(polarized beam);
o

at tree level, s << M2

oe e —> ,u+,u_;6?ﬂ_ <90°)-—o(ee" > u u; Qﬂ_ >90°)

o(ee > pup ;0 <90 )+oee »>uu;6_ >90) )
3 1 S
32sin* g, cos’ 4, s—M?

~y
~N/

ack
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ZFITTER:
A.B. Arbuzov et al., Comput. Phys. Commun. 174,728 (2006)

Electroweak measurements,
S|n29W Ag 0
-0.2
-0.4
AL = olee” »>upu)-—olee” >upu)
R ™ - At + - - At + -
oee” >u p)+o(ee > puu)
0.14
ALR
0.10
at s= M2 0.06
o(sin?8,)~ 0.550(Arg) o(sin?8,,)~ 0.130(Ar) 0

A R 4X more sensitive to sin?4, than A5

718 |
at s= (1058 GeV)Z: 103XAcg
722
o(sin@y )~ 460(Arg)  ofSin®Gy)~ 240(AR)
A R 2x more sensitive to sin?4, than Agg
-7.2R

back

0.2

e ZFITTER
-- tree level

70

90 s [GeV]

|

[T IS

80
E., \Ti.rTt.rtt.rfﬂ.fff'ffﬂ°rvq-pvﬁ’fT! P e g e
30 40 50 60 70 80 90 vsIGeV]
Vs= 10.58 GeV

228

229

.23

231

sinZ0,,
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Electroweak measurements, =

. 0.245 |- | m=—SM
SinZ4,, :
[£dt=10 ab! N.g fAPV
€, ~0.6, N, ~7x10°9 I
stat. uncertainties: :
G(AFB)/AFB ~ 02% 0'225_ I '”61;01' IE)H,l()l' Ol.l ' "'; '”1'10 I l(l)O 10|00
o(sin?8,) ~6x10*from Arg (£0.25%) Q[GeV]
o(AR)A R~ 2.4% SuperB polarimetry
o(sin?8,) ~3x10“from A i (£0.13%) (Compton polarimeters):
(80% polarization) o(AR)AR~ 1%

M. Sullivan et al., IPAC-2010-TUPEB025 (2010)
comparison SLD A

o(sin?4,,)/sin?4,, ~ £0.10% total uncertainty

polarization uncertainty affects directly A g:
SLD: o(AR)/A g ~ 0.5% from polarization
= o(sin?4,)/sin?4,, ~ 0.05% back
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tree+penguin processes, B? —Knnr?

K*r, Kp: T+Pgyw/Pocp larger than in Kr

similar as in Kz: isospin sum rule
—A(K*tr)

8 2 8
At )(Ptc,P = §P§W>p) + )\ff,,)(Puc,P I TP)

ViﬂKwﬁ)::A@U%f_J%WV_%H%@)+&WRMP_OW
AK* 77)+~2AK* 7% =P, +T <<P_

B? -»>Knn®: A(K**n ) & A(K*°r®) should destructively interfere

Resonance Parameter Solution-I Solution-II Solution-I11 Solution-IV
A(NLL) 0.00 3.94 AT | 10.57 I
o (TTOKT FF (%) 13.60 & 1.24 13.70 &+ 1.25 13.20 4+ 1.09 13.40 £+ 1.27
Acp 0.14 + 0.06 0.17 + 0.06 0.11 + 0.06 0.14 + 0.06
[ 0 (fixed) 0 (fixed) 0 (fixed) 0 (fixed)
) 0 (fixed) 0 (fixed) 0 (fixed) 0 (fixed)
K*T(892)r~ FF (%) 5.52 £+ 0.59 554 4+ 0.61 502 4+ 1.21 5.88 + 0.63
Acp -0.30 £ 0.11 -0.30 £ 0.11 -0.21 £ 0.11 -0.22 £ 0.11
) 0.74 4+ 0.36 0.66 4 0.36 -3.10 £ 0.37 3.00 + 0.36
0] 0.37 4+ 0.36 2.58 4+ 0.36 0.36 4 0.36 2.61 4+ 0.35
K*™(892)x" FF (%) 453 £+ 057 4.61 & 0.57 4.63 + 0.59 4.69 4+ 0.58
Acp -0.15 + 0.12 -0.16 + 0.12 -0.15 £ 0.12 -0.15 +£ 0.12
) 0.65 4+ 0.29 0.58 4+ 0.30 0.34 4+ 0.30 0.25 4+ 0.30
back ® -0.00 + 0.33 0.24 + 0.35 -0.03 +£ 0.34 0.19 4+ 0.35
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Krrl: example of final state depending
on PID performance

check of A(K** 7 ) & A(K*°°) interference:
Belle @ 1 ab!?

if Acp(K*2)~20% (~2xAcp(K7)

5 ¢ observation @ 10 ab! (stat. only)

ack
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2 1.5 MR lcrvatowed) 3 - EARER !
pril 2013 : - o] April 2013 o
Current (WA) =~ | = 60
. . ) > &
Situation: % 40
< L
20
of
=2 -
: —40-
r 7o
i 20 -6
Expected i "5 g
- - — [~ o L1 L1 | | ‘ L1 1
precision: o NN .1, W56 02 04 06 08 1 12 14 16 18
-0.5 0 0.5 1 15 |
a/pl
X (%)
Observable/mode Current LHCb | SuperB Belle IT | LHCb upgrade theory
now (2017) [ (2021) (10 years of nowr
5fb=1 | %5ab-? running) 0 b1
@ (063 +£0.20% || 0.06% | 0.02% 0.02% o |1 s
% D55 +£012)% | 0.03% [ 0.01% 0.01% ~ 1072 (222 above).
20p (141 £0.22)% 0.05% | 0.03% 0.01% ~ 1072 (se= abose).
le/ 5 (0.91 £047)% | 10% | 24% 3% ~ 10=% (se2 abose).
argfg et (%) —10.2£9.2 56 14 20 ~ 1077 (222 above).

back

compilation of [AG.Akefoyeetall aniv: 1002:5012 |
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L 151 CPV allowed i | Belelisoab”
> T 4 60 | ?
i Belle Il 50 ab i

40

Bio
20
30

i 4o

: 40 I L 1 I .50'

i N A IR AR R 10 02 04 06 08 1 12 14 16 1.8

0.5 0 0.5 1 1.5 lo/pl

X (o/o)

Arg(q/p) [deg.]

o
|\\\

R B
|
N

[=]
|
=
o
LI B

Hic
20 -6
30

I i | T T T T

Expected sensitivity with 50 ab-! arising from D® ->KK/nr, Ksnr, Kn

ack
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ca 0.02
'umo - o RS AA_, BaBar
< 0.015 March 2013 / : xcpzsrpral.
\ ~ zz: Eg:pron:lptprel
50 ab_l 0.01 = ';‘/ %AF?HCI: i
ArBaBar
0.0 £ ; 2 7| A_ Belle prel.
P <
-0.005 - (S)BF determine
-0.01 - SRE Acp(7r) and A-p(KK)
-0.015 |- SRR separately; in future
-0.02C "'\\\« v e important for interpretation,;
-0.02 -0.015 -0.01 -0.005 0 0.005 0.01 0.015 0.02

ack
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