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</> The BaBar and Belle B-factories impact in HEP
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» Successful experimental program: :
Established CP violation in B system 4k
and the remarkable consistency of the L L

CKM mechanism of the SM

I

Nobel Prize in Physics

In 2008 awarded to ) = TR N i KEKB/ile
Kobayashi and ; e | ; %ﬁ
Maskawa ' ‘ A o A |

2000./0.25 |
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Belle I

« Despite the experimental efforts, the SM did not break down.
No compelling evidence of NP.

After Higgs discovery, the same story (for now...) in direct searches at
LHC

« Option one: Let a Post-Higgs-Depression syndrome bring us down

« Option two: Be aggressive and insist on several frontiers, overlapping and
interdependent

Also be patient

Flavor Physics =
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Belle IT

Peak Luminosity Trends (e'e” collider)
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Physics run
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SpMC 2 Ex
300 Cler 3.

Belle II TDR arXiv:1011.0352
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SVD: 4 DSSD lyrs = 2 DEPFET lyrs + 4 DSSD lyrs
CDC: small cell, long lever arm

ACC+TOF - TOP+A-RICH =
ECL: waveform sampling (+pure Csl for endcaps)
KLM: RPC = Scintillator +MPPC (endcaps, barrel inner 2 lyrs) back
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Belle IT

Statistical Systematic Total Exp Theory  Total

(reducible, irreducible)

|Vus| exclusive (had. tagged)

711 fb~! 5.8 (2.3, 1.0) : 8.7 (2.0) 10.8 (6.6)
5ab~! 2.2 (0.9, 1.0) : 4.0 (2.0) 4.7 (3.3)
50 ab~! 0.7 (0.3, 1.0) . 2.0 2.4
|Vus| exclusive (untagged)

605 fb! 2.7 (2.1, 0.8) : 8.7 (2.0) 9.4 (4.0)
5 ab~! 1.0 (0.8, 0.8) : 4.0 (2.0) 4.2 (2.5)
50 ab™! 0.3 (0.3, 0.8) . 2.0 2.2
|V | inclusive

605 fb~! (old B tag) 4.5 (3.7, 1.6) . 2.5 6.5

5 ab™! 1.1 (1.3, 1.6) : 2.5 3.4
50 ab~! 0.4 (0.4, 1.6) . 2.5 3.0
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B-factories

T T
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— s
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E— D
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World average: 1,15 = 0.23

N | I
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Y A Semitauonic decays

» SM: tree level b ¢ semileptonic

« NP from 2HDM extensions

« R(D™)=BR(B->D®1v)/BR(B->D®1v)

Belle and BaBar measurements exceed SM expectation!

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Babar Inc. 2008 P
0.42+0.13
Babar Had. 2012 e
0.44 +0.07
Belle Had. 2009 P
0.59+0.16
Belle Inc. 2010
0.34+ 0.1
Belle Average
0.43 +0.09
Private W Average
0.436 = 0.056

0.30 + 0.06

0.33+0.03

Belle Had. 2009

0.47 +0.10

Belle Inc. 2010

0.38 = 0.08

Belle Average

0.41+0.05

Private W Average

0.351+ 0.026
lllllll l Ll 1 1 l Ll 1 1 l

I Ll 1 1l l Ll 1 1l l Ll 1l 1l I Ll 1 1l
01 02 03 04 05 06 07 038
BR(D"tv)/BR(D"Iv)

—Q—

Belle II projections based on extrapolation

of the BaBar result
fb-1 Statistical Systematic Total
R(D) (423 13.0 9.6,1.3) |16.5
5000 (3.8 (2.8,1.3) |5.2
50000 1.2 (0.9,1.3) 2.5
R(D*) 423 7.0 (6.5,1.3) |9.0
5000 2.1 (1.6,1.3) 2.9
50000 (0.7 (0.5,1.3) 1.6
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Belle IT

Belle measurement Phys Rev Lett 103 171801 (2009) Belle II expectation with 50 ab-1

-IlllllllllﬁMll Illl lIlIIllllII

0 2 4 6 8 10 12 14 16 18 20
q°(GeV?/c?)
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Belle IT

_ N(B°(B")—>Xy) - N(B°(B*)—>Xy)

AerlB ) = BB )oxy) + NBY(B)>X)
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Belle IT

50 x Belle luminosity

SM signal
0350 assumed

B">K'vv
Ny, ~ 100+30
ling from new Belle result
evidence with 50 ab™*

(had.tag only)

B K'vy¥

Ny = 91.5+322

Number of pseudoexperiments
-
L

-
o

80 02040608 10 12 SPitted numbe of signal events
E.. [GeV]
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Belle IT

e.g. see Altmannshofer, Buras, & Straub

(Theoretical uncertainties)

X, = K*/K + up to four 7 (at most one 7”) ANV erEa e B
[ XK 'K K AN T=ciE v Ioy
| Kz |:Kn Km KA, K [
| K2z : K27 K27, Knn, Konr
| K3z : K37 K3 K2rA, K (2n7"
| K4x) : K4n, K¢dm K3 7n®, K 3nn’

—Re (CICE)
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Q(B CP violation

Belle IT

A(At) = Ssin(AmAt) + Acos(AmAt)

0.8

5
Tordoarz sha Sah L] -2’ - °, earesdandeg 3 GO.7% Clier 2 ot <
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Q(B CP violation

Belle IT

Observable SM theory Current measurement Belle 11
(early 2013) (50ab—1)
0.68

S(B — ¢K") 0.56 + 0.17 +0.03
S(B — 7' K%) . 0.59 4+ 0.07 +0.02

a from B — 7w, pp +5.4° +1.5°
v from B -+ DK +11° +1.5°
S(B = Ksm'y) —0.15+0.20 +0.03
S(B — py) —0.83 £0.65 +0.15
Acp (B — X3+d ’)’) 0.06 4 0.06 +0.02
A —0.0049 + 0.0038 +0.001
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ete™ = cC— Etag Xfrag Dggoil Statistical Systematic Total
o reducible irreducible
:i’ 60 B(Ds — pv)
3 913 b1 5.3 0.0 3.8 6.5
g w0 5 ab~1 2.3 1.6 0.0-0.9 2.9
3 50 ab~! 0.7 05  00-09  09-1.3
= y g B e AROL Cg B(Ds — 1v)
= = 913 fb ! 3.7%  44%  35%  6.8%
I P T R g T 5 ab~1 1.6%  1.9%-2.3% 3.5%-2.2% 3.5%-4.3%

o L M KingKm) GeVIe) || 50 ab~! 0.5%  0.6%-0.7% 3.5%-2.2% 2.3%-3.6%
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Guglielmo De Nardo - Stat

Observables Belle Belle II

(2014) 5 ab~! 50 ab~!
sin 24 0.667 £ 0.023 & 0.012 +0.012 +0.008
o +2° +1°
¥ +14° +6° +1.5°
S(B — ¢K°) 0.9075% +0.053 +0.018
S(B = 1'K") 0.68 £ 0.07 £ 0.03 +0.028 +0.011
S(B - K3KJKY) 0.30 +0.32 £ 0.08 +0.100 +0.033
|Veo| incl. +2.4% +1.0%
|Vip| excl. +3.6% +1.8% +1.4%
[Vus| incl. +6.5% +3.4% +3.0%
|Vas| excl. (had. tag.) +10.8% +4.7% +2.4%
|Vup| excl. (untag.) +9.4% +4.2% EE2820
B(B — Tv) [107¢] 96 & 26 +10% +3%
B(B — pv) [1079] < 18 50 >> 50
R(Dtv) +16.5% +5.2% +2.5%
R(D*rv) +9.0% +2.9% +1.6%
B(B — K*tvp) [1079)] < 40 +30%
B(B — K+uvp) [1079)] <55 +30%
B(B — X4v) [1079] +13% +7% +6%
Acp(B = X&) +0.01 +0.005
S(B — K3n%) —0.10 £0.31 £ 0.07 40.11 +0.035
B(B = Xav) [1079]
S(B = py) —0.83 £0.65 + 0.18 +0.23 +0.07
B(Bs — v7) [1079] <87 +0.3
B(Bs — tF77) [1079] <2
B(Ds — wv) 5.31 x 1073(1£0.053 £ 0.038)  +2.9%  +(0.9%-1.3%)

B(Ds — Tv) 5.70 x 1073(1 £ 0.037 £ 0.054) £(3.5%-4.3%) +(2.3%-3.6%)
yop [1072] 1.11£0.22+0.11 +(0.11-0.13)  £(0.05-0.08)
Ar [1072) —0.03 £0.20 & 0.08 +0.10 +(0.03-0.05)
b —0.32 £0.21 & 0.09 +0.11 +0.06
Azealiiond] 0.55 + 0.36 & 0.09 +£0.17 + 0.06
A%, [1077] + 5.6 +2.5 +0.8

T — py [1078] <45 < (4l

T — ey [1078] S M2i0

T — ppp (1079 <21.0 <3 <09
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