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Belle (1999-2010)

Primary goal: establish unitarity & complex phase of CKM matrix

Kobayashi & Maskawa (1973)
» propose 3" generation of particles
» Explain CP violation in K, predict for B




Belle (1999-2010)

Primary goal: establish unitarity & complex phase of CKM matrix

Kobayashi & Maskawa (1973)
» propose 3" generation of particles
» Explain CP violation in K, predict for B

B-Factories (1999-)

* CP asymmetry manifested in
diverse processes in B decay
-> many measurements,
(over)constrain CKM, found : ‘f R
consistent with unitarity
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Future: SuperKEKB/Belle IT

present

Plan: 50 ab-! by 2021 Belle+Babar
1.4 ab!

Integrated luminosity
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Advantages of e*e™: v, K detection; hermeticity -> neutrinos
This talk: focus on prospects that are unique to high-lum e*e
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Why a Super-B-factory? Role of Flavor in SM history

Flavor - (i.e. wrt weak interaction) essential properties:
* L-R asymmetry

* unitarity of charged current coupling matrix

- 3 generations




Why a Super-B-factory? Role of Flavor in SM history

Flavor - (i.e. wrt weak interaction) essential properties:
* L-R asymmetry

* unitarity of charged current coupling matrix

- 3 generations

Discovery & phenomenology

* maximal P violation [V-A]

* unitarity: GIM > charm

» CP violation -> Kobayashi-Maskawa -> 374 generation

* B mixing -> high mass t-quark (imperfect loop cancellation)
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Why a Super-B-factory? Role of Flavor in SM history

Flavor - (i.e. wrt weak interaction) essential properties:
* L-R asymmetry

* unitarity of charged current coupling matrix

- 3 generations

Discovery & phenomenology

* maximal P violation [V-A]

* unitarity: GIM > charm

» CP violation -> Kobayashi-Maskawa -> 374 generation

* B mixing -> high mass t-quark (imperfect loop cancellation)

Bottom line: flavor in SM imposes cancellations & precise relationships
that both test SM and constrain New Physics (NP) to higher mass

scales
» "Unitarity triangle” [18 dof -> 4 dof ]
- lepton universality




Search for
Right-Handed
Currents




Right-handed currents

in SM TR
BO—X.y is - L
~flavor-specific (y polarization) b
-> low CP-asymmetry, O(3%) b 4 ] S
O(0) for BO—X,y o__-

Atwood, Gronau, Soni (PRL 79, 185 (1997))
Atwood, Gershon, Hazumi, Soni (PRD 71, 076003 (2005))

large asymmetry
<->

right-handed current




Right-handed currents

in SM TR
BO—X.y is A L
~flavor-specific (y polarization)
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Right-handed currents

Possible contributions from NP

O(1): Warped extra dimensions

O(1): L-R symmetric model Lummosﬁry prOJec’ruon
I L rrrrm

0(0.1): SUSY SU(5) TN :?

e e B S e B T e B e e e e e LT TR

precision
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- i PRD 74, 111104(R) . | | Nk SUSY
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Search for
CP Aromalies




CP asymmetry: “"standard” sin2¢p, (sin2p)

for B -> J/p K,

tree (real V) o<V "V mixing+tree oV, 2V, 2V V.~

well-measured rate

phase = arg(Vy, ?V;4%)=2¢,
c ) _ _ —

1 V= L 1<

identical hadronic processes -> same | Amplitude|

V. V. real => zero phase difference

=> relative phase = 2¢,, CP asymmetry ~ sin 2¢,
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CP asymmetry: "other” sin2¢;,

for b -> sss: identical reasoning

Direct (real V;j) V., "V, mixing+direct o/, "2V, 2V, Vi

-~ —_— - _—
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d < S b il t l_d > KS’KL
Vip Vi real => zero phase difference
=relative phase = 2¢;, oK K
- 'K -
CP asymmeftry ~ sin 2, s =
w minor 7; S ;
theory corrections ™ Ks
P Ol —
wKs
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CP asymmetry: "other” sin2¢;,

for b -> sss: identical reasoning

tree (real Vi) V. V.. mixing+tree oV, "2V, 2V, V..~
b d g b, W s
L r\ t ,; s
BY BY | [ o,
L g
d 1, SKoK
d bt d S SAL
ib Vi real => zero phase difference
=relative phase = 2¢;, ?Ks m&v
CP asymmeftry ~ sin 2, " ﬁs =T
w minor s :
theory corrections ™ Ks ;
P S
NP process w complex phase ., wKs

---> CP asymmetry # sin (2¢p,) ;

-0.3




Average "sin2gp," from b->s penguins

Naive World Average
sin2@,(b->sgq)= 0.64 = 0.04

Compare to ccs:
sin2g,(b->ccs) = 0.679 = 0.020

CL=0.28(1.10)

Sensitivity to NP depends on
- statistics

* reduced systematics

* theory corrections

‘ Beaug 2011

sin(2p") = sin(2¢ “')

PRELIMINARY

b--ccs World Ayerage : 0.68 = 0.02

%, BaBar | —— || 026+0262+003

= Belle o 0.90 0%

BaBar : | 057:00820.02

= , Bele : . ! 064:0.1020.04

~» BaBar | § 0909395

X Belle b——| 03020322008

%z ¥ BaBar § L ! 055%020=003

® Belle : ! 0.67 +0.31 = 0.08

& BaBar | 035335+ 0.06+0.03

°. Belle E 0.64 332 £ 0.09 = 0.10

& BaBar ! ; 0.55 1925 = 0.02

3 Belle : 0.11£0.46 = 0.07

& BaBar ! 0.60 *31%

.© Bele , 0.63 015

f, Kg BaBar (o468 0.52 = 0.06 = 0.10

f, K BaBar : i .20#052 0.07 = 0.07

’s’ngk e i -0.72 £ 0.71+0.08

° Ks BaBar : : 0.97 9%

N@aBar —i—— [0.0120.3120.052009

X BaBar : |~ 0.860.080.03

o Belle 4—0.68 = 0.15 = 0.03 33}

b-»qqs Naive average : | 0.64 = 0.04
-2 -1 0 1 2




Leptons

Precision measurement

& Universality
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In SM, B -> 1v, BF is predicted precisely
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B*->T*v. : constraints on charged Higgs

B(B = tv) =B(B = 1v)sm Xy b T

m
rg = (1-—"2tan?p)? (2Hom)

my

(Belle) 0.65 ab!

B(B—-rT
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B Factories versus LHC (ATLAS) for the charged Higgs

0 Current flavour constraints are
B-Xy R LEP Bty B=Drv K = v " .
0 already very competitive with
o LHC expected direct search
sensitivity for charged Higgs
400

5o discovery sonsitivity

EEsom '
o !
| R

ATEAS
poelreernary

m, -max

290 1% 10 YN0 Y7o SO0 250 400 OO

tang m,- [GeV)

Also see (MSSM),D.
U. Haisch, hep-ph/0805.2141; ATLAS curve Eriksson,F.Mahmoudi

added by Steve Robertson and 0.Stal
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B-ouv

SM:
B(B->tv) = 1.6x10-4
B(B-> uv) = 7.1x10-7| observation with ~5 ab!

B(B-> ev) = 1.7x10-1

10—
- B->pv

I U T U l T U U T T | l T U U

Significance

0_ e 1 . . — |
’ : ‘ b 10
Luminosity (ab1)
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B-ouv

SM:
B(B->tv) = 1.6x10-4
B(B-> uv) = 7.1x10-7| observation with ~5 ab!

B(B-> ev) = 1.7x10-1

e Universality
- B->pv ] ¢ .
8- - | T K
3 >\_’.v_,_tl@nb
kS u Ve Y
= =
i S B->tv
5 V)
< B-> uv

deviations from SM

0_"'5"'5"';"'g'--1]0 sensitive to NP
Luminosity (ab1)
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B->DOrv

Lepton universality via semileptonic decays

m, tan § + m_ cot

/
- B

b ® ¢
\
H+/W+ . m tanf
\ /s

%—T‘F

Vi

- Ratio (t/u) is sensitive to charged Higgs (similar to B>t v)
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B->DOrv

Lepton universality via semileptonic decays

m, tan § + m_ cot

b ® ¢
\
H+/W+ . m tanf
N

%—T‘F

Vi

- Ratio (t/u) is sensitive to charged Higgs (similar to B>t v)

B>t X decays probe NP in different ways:
‘B>t v: H-b-u vertex
‘B>Dtv: H-b-c vertex



m, tan 3 +m_ cot f3 25

B->DM<gv _ , _
b C
\
- B(B->D™tv)/B(B->D* ) H/W+'. m tanf
= R, = 0.29+0.10 [PDG 2011] % s
VT

R, vs M, various tanp

M, vs tanp sensitivity
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Charm
* Mixina/CP
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D mixing/CP violation

Arg(q/p) [deg.]

MC 75 ab! 1q/p|=0.9

Future B factory: 75 ab™ | |
of Truevale=(0900 | | | |

xill lALAl xAlll Rk
02 04 06 08 1 :

Current status (HFAG)

~4g on 1-|q/p|
L b b b
-0&75 08 0.85 0.9 0.95




what we need:

Billions
and

Billions
of B's!

SuperKEKB & Belle IT
(cf 6. Varner, talk 3H-1)
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Summary

» B-factories 1999-2010, >1.4x10° B pairs:
established CKM as source of CP asymmetry in weak interaction
multiple measurements on CKM with increasing precision
-> probe New Physics at ~ few hundred GeV scale
+ discoveries: D mixing, new hadronic states
possible hints of NP: K1t CP asymmetry, imperfect CKM fit

~102X luminosity will probe significantly into >1 TeV mass scale
precision CKM, CP, lepton universality, LFV

* SuperKEKB/Belle IT well underway
complementary to LHC in sensitivity




