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SM: successes and failures

The SM successes:
All particles have been observed

All symmetries have been confirmed and

The mechanism of symmetry breaking is established

All parameters have been measured

Essentially all experimental measurements are consistent with the SM predictions

BUT in the same time a lot of intrinsic problems

Inconsistencies at high energies (rad. corrections, UV divergences , Landau pole)
-~

Still no unification of strong and electroweak interactions
Large number of free parameters ono&
<
CP-violation is not completely understood - &OK &’b o’&
ttle ) . . o‘o {}O 6\. &0‘
Flavor mixing and the number of generations is arbitrary \} éef’ & &
1 ney H N (@ <«
The origin of the mass spectrum in unclear ./ 0&*‘&&
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Flavor physics in the SM ...

bosonic sector of the SM: @1GeV:g'~0.3, g~06, g.~06, 1~1
5 free parameters: | .

one defines the scale S0 1/a S 60 o v,

SM MSSM
+ 4 dimensionless coupling constants
Ideally, we have to accept one scale parameter,and /= 7 0

30 / 30

expect that dimensionless parameters are some v

20 20

geometrical constants; there is a hint that gauge :
constants are related to each other... Y Ve o Rg™

LU - o 0

fermionic (flavor) sector (without neutrino): ° > ° 5 | O B RS
3 Yukawa constants for charged leptons:
6 Yukawa constants for quarks 0 ) 2
& forq Y ~10° Y, ~102,Y. ~107,
4 quark-mixing parameters

e ~107°7Y, ~ 187, Y ST

This is a really miraculous part of the SM.

There is no idea Y ~10%Y ~107°, Y, ~ 10°°,
* why do we have many (3) generations? ‘ 7
* why are these 13 constants such as they are? ‘Vud‘ = Vus‘ ~0.2, Vcb‘ ~ 0.04,

e why is there a hierarchy & smallness structure?
e why is the mixing matrix almost unit, but not exactly?

V,,| ~ 0.004, 5, ~1

All these “Whys?”: The SM flavor puzzle
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... and beyond

Beyond SM: Cosmology:

13 parameters are too many for a fundamental needs CP-violation
theory, but few to check consistency of the SM
predictions for decay/oscillation/CP violation
patterns:

500 decays modes (Br’s and Ul’s) for B

200 decays for D

40 decays for K (some with BR’s ~ 107121)

non-SM particles (even very heavy)
run around in loops

i— = . N5 &5 to produce baryonic asymmetry of
o _ | . _ gcdp‘ .
b s | 1 b & (Y the Universe; the only known source
) 1 0 1

P of CP violation is a flavor sector of
' WL<H the SM (though it is too small...)

Flavor physics:
Beyond SM: measurements are sensitive to New particles
Cosmology: related to matter-antimatter asymmetry
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But we don’t understand,
what happens here

,fﬂ > Planck
) \

o We worry very much

<

’ about desert here

We are now A
here

We would like to get here

= g 17

avor physics is in the heart of the poorly understood jungle
at electroweak scale — the SM interactions
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e*e” asymmetric B-factories
world highest luminosities

T Y(nS), n=12,3
¥(55)

" —’Z"_<‘

Stopped in 2008

Completed data taking on June, 2010
to start SuperKEKB/Belle Il upgrade

Off-reso. Scan

Integrated Luminosity|[fb™ ]

Drift Chamber

=
N ‘ |—Belle —-BaBarI
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http://kekb.jp/

CP violation: enigmatic phenomenon &
effective tool for New Physics searches

0 — W& Before CP-studies at B-factories it was not known,
@—VW— if the SM is the main contributor to the B°B°-mixing
O)———r() _ AmoM
CTETE. Amg=am, ><(1-\ ”

30 8= 3 =8 e M . H' l

2.5

2.0

JU 15

1.0

0.5

0'00,0 0.5 1.0 1.5 i 2.0 2.5

To continue study, SUPER B FACTORY NEEDED
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KEKB upgrade - SuperKEKB(nano-beam)

Parameter KEKB Design /(EKB Achieved SuperKEKB Des@
Energy (GeV) (LER/HER) 3.580 | 3.5/8.0 (4.077.0) \
B (mm) 10/10 5.9/5.9 0.27/0.30

B (mm) 330/330 1200/1200 32/25

& (nm) 18/18 18/24 3.2/5.3

2 (%) 1 0.85/0.64 0.27/0.24

o, (m) 19 0.94 —120_, 0.048/0.062

g, 0.052 0.129/0.090 0.09/0.081

o- (mm) 4 6/7 ‘ 6/5

B 5 2.6/1.1 1.64/1.19 —24—53.6/2.6
Nounches 5000

Luminosity (10**cm—2s7") 1.0

1584 2500
x40
> 1) > 80

SuperKEKB is built in tunnel of KEKB but is almost entirely new machine:

¥ X 20 smaller beam focus at interaction region

¥ Twice higher beam current

“nano-peam”

§ —
* First beam in 2016 - first collision in April 2018 KEKB '~ SuperKEKB
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The Belle Il detector

Vertex detector Time of propagation
Tracking : & aerogel RICH
cz0~ 15 ym detectors
(2x better than Belle) K/ separation
Drift chamb £~90% @ 5% fake
rift chamber GeVe
Tracking
ord~ 100 um .
ode/dx ~ 5% - S 4 ———

EM Calorimeter
oE/E~2% @
E=1GeV

KL and Muon detector
Ap = A0 ~ 10-20 mrad (for K1)

u/m separation:
e~90% @ 1.5% fake

Belle Il is an upgrade of the Belle detector: capable to work at much higher
background environment

Highlights. Vertex: 2 layers of pixels, 4 layers of DS Si strips with extended coverage,
Drift chamber: smaller cell size + longer lever arm, PID: new TOP + ARICH
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Surv conducting coil
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Belle vs Belle |l

Belle Il / \ng;h Segmentation

Outer radius of SVD C
R=6cm = 8cm // \
CDC inner part
/ — Small cell chamber

SVD

x[ Install PXD \ ¥
ffl / HB\ \ H'".
| .ll |I | @. | |

\_//
Belle
SVD
CDC
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v'Better tracking

— £ » Be“e QDC PXD

Belle I| CDC

v Better vertexing

v'Better particle identification

v'Better calorimeter resolution

(in addition to the expected much larger data set)
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Search for New Physics in CP violation

VoV, + VigVp + VgV = 0

(p,n)

phase i
of V,, ~

0 1

Consistency of Unitarity triangle = probe for NP at O(1TeV)
e UT Sides from Br’s
e UT angles from CP violation
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Measurement of CPV at B-factories

CPV asymmetry in the time-dependent rates for initial B/E

1_‘I§—>f_ (At) B 1—‘B—>f (At)

a.py (AL) = = Ssin(Am,At) — C cos(Am, At
o (A) = 2 S = Ssin(am, A ~C cos(am, A1)
e S — parameter of
AT 5 indirect CP violation
ey K* C - direct CP
e _e:_-_--_-_-_- ---- = violation parameter
=== "":"-S_ig_;a-l_< JWK (non vanishing even
= . decay, - after integration
Pagpy (AY) Az ] @K etc.. over At)
. |

For = fZJ/WKg
S=sin2p;, C=0

: Important:
is provided by charged tracks from the second B <€ Flavor tagging
B and y are known from beam energies
At resolution is dominated by the resolution of z,,, — the < Both B-vertex
tagging B-vertex (due to secondary tracks from D-decays) finding
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Precise measurement of sin(2p3) in B> ccK®

-1). 0 0 —
Belle 2012 (0.8 ab™): B ->ccK’ & B ->J/PK°, Y(4S)->BBO->f . f
2 400f B®tag 2 I CP tag
2 350F Btag ¥ i, o 250 "t
5 300¢ : 2 200f 0O OJ/ D00 L d %
S 250;- < o |\ e S
3 200 j 2 150} 4= I;o
150;- / 1005_ oK J/\|I
100f ; O—0O0"s @VO 0O—O0
| S Sof (d
- Ofllll-l- lllllllllllllllllllllll O_J.
3 o6} £ 0.6}
: o4f , £ o4} SM: S=-¢sin(2B)
) 0.21_ i Z 02} \
of of A=0 (direct CPV)
0.2f 0.2}
0.4 ¥ CP-odd -0.4]
0.6} 0.6}
6420246 6-42024} S
At (ps) At (ps) .
PRL 108 171208 (2012) Belle II Sln(ZB) LHCD
5ab~! 50 ab™! 8 fb~1(2018) 50 fb~!
sin(2B) = 0.667 £ 0.023 + 0.012 (0.9°) ‘ ‘
0.4° 0.3° 0.6° 0.3°
A.=0.006 + 0.016 + 0.012 - J
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o measurements B° > nn
The decay amplitudes B - n*ni(p*p~) include: ,-L' @ BY > PP

-treeterm T~ V"V, , (dominant)

_ 0
- penguin term P ~ V,,* V,, (suppressed, but not small) @ @ B 9 P
Parameter S of indirect CPV related to effective o(a ) 0o Vi 0
shifted by extra angle O o T

- T

6 — the relative strong phase between T and P amplitudes
r < 1-ratio of P to T amplitude

To extract o, additional inputs required

O .
0 0

Teff of

The cleanest method is isospin analysis (Gronau and London)

We need to measure all 6 BR’s of B® and B* to nt decays: nt'nt-, n°n®, n*n®
Need neutral modes!

A, +V2A,,=V2A,,
A, +V2A,,=V2A,,
A, =AB°-n'm)=e™T" +P
\/EAOO V2AB -n’n’)=e ™ T+ P
V2 A, ,=V2AB - n®) =™ (T +T)

Isospin triangles
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PRD 88, 092003(2013)

o: experimental results

B® — p%p°

1 e angular analysis

¢ purely CP=+1 final
state

¢ small Br, small
penguin contribution

B? - p*n*

not CP eigenstate,
but B® can decay to

’(;; r 0 1«
by 300213 tag
T 250 Bltag
o E
2 - 12
it 150~ I~
100~
50 -
: I—-;“;;\ |
gm%m 05_ m‘
N = »
22 55T

both p*n~and p~nt*

75 5 25 0

"5 75
At (ps)

o, =(88.823)° J177.8%7)°

e Complicated analysis (especially for p°p?)

« method was checked many times by Belle & BaBar

¢ Belle & BaBar consistent results
e Statistics limited (not systematic)
« B factories only (a lot of neutrals in the final states)
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-- Tn/pplpR (BABAR) === CKM fit
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18(
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o-measurements at Belle Il

Inputs for isospin analysis

' B
_____|value |Belle | Belledl New constraint at Belle |

indirect CPV in B® >nn®
Br(m'm”) 5.04  +0.21+0.18 +0.03+0.08 2
Need to reconstruct decay
Br(m°r® 1.31 +0.19+0.18 +0.04+0.04
( 0) vertex of B ->n’n®

Br(mt*n?) 5.86 +0.2610.38 +0.03+0.09 ® Use converted photons and
C(rt*r) -0.33 +0.061£0.03 +0.01+0.03 n® - ye*e™ decays (4 photons +
S(nt'r’)  -0.64  +0.0810.03 +0.01+0.01 n? Dalitz)

C(n°n®) -0.14  +0.36%0.12 £0.03+0.01 = More material budget for
S(redre0 TR E conversion wrt Belle

() | - E Nice resolution & higher rec.

e _ efficiency for slow e*e”
.8 B - nn BELLE I 1 J
.6 P, / g
'.4 yﬁl " BS b' = B
).2 \\ @ : ‘Q ~ '. - “
0 R v, -» eTe T dal eve ™

Expected errors at Belle Il: 5 ab™ to be 2°, 50 ab™ to be 1°
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Direct CPV and angle y

B->DK: the angle between two amplitudesis _
really y, but the final states are different D%£D° @ T L4

E GLW method: use D° decays into two-body o o : c c\

D'
CP eigenstates, e.g. D° > K* K- Vi 6 [0 |
e GGSZ/Belle method: Dalitz analysis of 3-body s ) - @ K-
A .a. DO 0 g+ op— V*cl
final state, e.g. D° > K, t* it O—0O @ @ N
Measure B*/B~ asymmetry across Dalitz plot O——O
2 2 iy AiS ( 2 2)
m+,m_)+ e ’e’fim,m;
- 3 --- Belle 3 Combined
c\T: I ICHEP 18 --- LHCb BaBar
n% s5| . The accuracy Of 1.0 Full Freguentist treatment on MC basis
: present measurements ' T R pe———
2l . . 0.8 __ A f— (72 1+ ' )O __
| are limited by o It e -+ 58)
st statistics. g osf i .
[ . ™
: The systematic and 5 oal- _
T model uncertainties ;
: ' o e 0.2 I- : E
os| . %] are much smaller. i
05 1 15 2z 25 3 %0 'zlulm;inl e 80 '1:-(;-'1 1:|an | 'nlu' | '1e|m' Tac
m? (GeV?/c?) Y
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y at Belle Il and LHCb

Continue in future with these two methods.
But model uncertainties will become critical
for Dalitz method with more data and _ LHCb | Bellell
reduced statistical errors. Propose to use D° B->DK with D=>hh 1.3° 2.0°

-> K t* = binned plot from CP tagged data
at charm-factory. Tried with CLEO data.

30 {b} lE

Sensitivity of Belle Il and LHCb upgrade

B->DK with D->KLlm 1.9°  2.0°

o i 15

Time dependent B.>D,K  2.4°

2.5

L 20 > N Projection (Feb 2017)
& =
= 1,5 C '
| t B,
= [T -
gc) i
1|
v =S 6
>
a5 4/

. lo
0.5 1.0 1,5 2.0 25 a0 i LICD

m.i lGE'I."‘.-"f:':I 2: “®- Belo (V) TO% cana Y{45)

& Bole (V) 3 cata Y(45)

Extrapolation is done assuming BESIII data at 0 5615 Sie 5617 5018 Bo19 080 BoB 008 B8R BOBK
Y(3770) is ~ 10/fb Year
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CP violation in hadronic penguin modes

SM: No tree contribution!
indirect CP asymmetry should be = sin2f3, direct asymmetry =0
Theoretical uncertainty sin2¢*ff = sin23 + 0(0.01-0.03) is much smaller
than the current experimental errors!

N P: Any new heavy particles (e.g. SUSY) can enter loop

(at the same order as SM) and change sin2¢p®
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sin2¢*ff at Belle |l

sin(23) = sin(20{") EEE1

b—>ccs World Average : '- o 069+002
oK Average = . ' 0.74 +8113
n K° . Averagem HH 0.63+006
K K K Average -“-':;-0?2+019“
n° K° Average —k 057+0.17
pUKS Average S o +8;?_
oK, Avérage ' < 0.71+021
'0 Ks Average .—».u-. ; - +gqg_'
f, Kg Average i — 0.48 +0.53
fy Ks Average ' —k 0.20 £ 0.53
o _S 0?2+0?1
¢1: Kg Average 5 ' # 0.97 55
T KSNRverage J S — b01 +033_.
K K K Avérage = o HIH 0.68 *8?‘3

-1 14 42 -1 08 08 04 02 0 02 04 06 0& 1 12 14 186

Belle Il will reach the statistical
accuracy ~ theoretical uncertainty
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E D4—I T T T I I. 1 T T I T T T 1 I T T T I_
2 Balla if L=250 ab 1,;! -
O oo | .
E ot * 1
..EE 0.2 i» ‘-i- *% —
} .t ]
0 ¥ * % !
R i
B -
e
—D.E_ *
- Yy ks
- *t "__" e Ny K ($=0.70)
~ = i K [5=055
_D.4_I L L L I L L L L I L Ilg L L I L L L L
=10 -5 1] 5 10
| Indirect CPV as At (ps)

| indication on NP for J/K° and n’K° at Belle Il 50/ab

Chamel ois) o0

d(K*K-) KO(re*m) 0.025 0.017
b (K*K") K(nr) 0.042 0.030
¢d(rm*rnf) KO () 0.048 0.036
n’'(n, ) K(m*n) 0.019  0.013
n’(ng,m*mc) KO(rem) 0.035 0.025

P. Pakhlov 24/2_9



CP violation in radiative penguin modes

S M : Definite prediction of photon helicity B°->X_y;; E"éXSVL
The final states are different = no time dependent CPV;
SM corrections are “m_/m,=0.05...

P: New contribution with different Lorentz structure can result in
sizable indirect CP violation
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ICPV in radiative modes at Belle Il
Need neutral mode

¥ B-> (K;n%y decay vertex is provided by
extrapolation of K vertex to IP (checked at ® Also B-> (K, t*rt-)y with better

Belle to work nicely) vertexing can be used. However,
. KgT YScpvs Cpp BT this mode requires Dalitz analysis
08 r T T o T 7
Stat. Belle ll 5ab’ | g::::f\ Generaled baiz plot
Stat. Belle Il 50 ab™’ Average > =
04t . 3 1.1
' ‘ : \
o Lo gg ... k09
e “ 08
' 0.7
\ / 05
sl . i : 0.4
-0.8 -0.4 0 04 0.8
A Scp 03
0
Cranel o) o0
, M(K® x*) [GeV]
(Ksm%)y current accuracy 0.20 0.12

(KmO)y Belle 1150/ab [ 0.032  [0.022 |
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Summary |

Physics beyond the Standard Model has successfully avoided detection up
to now. But we are sure it is somewhere nearby.

Up to now the sensitivity of Flavor experiments to New Physics amplitude was ~10% of
those from the SM; in 5-10 years it will be improved by an order of magnitude.

¢ Rich physics program for Belle Il

¢ Belle Il is healthy and started data taking in 2018

¢ Belle Il goal of 50/ab will provide great sensitivity
and complimentarity to LHCb information in
many areas of flavor, CPV and related fields

u_ﬁ;_ I:ncludeﬂareaha:-GL:-l:l.‘EE 50a b'1 %é
= sin2i 03 3 y

B % 3¢ We hope to kS

oA - = N a3
e = observe =

WL E . UT 2014  Belle i

=/ Vubl 1 something like

" inclusive = . o 4°(WA) 1°

- 4 THIS in 5-7 years

g= P B 0.8°(WA) 0.2°
T u.zlﬁl B A T S T R Y 8.5°(WA) 1-1.5°

14°(Belle)
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Summary I

p-value
T 1

S M 1 -MIIIIII-:IL rCI\!I I I n o I T I I L n II}
Am  =Am7 x(1 il X
d d 0 R NP : 4 [Hos
1 Hor
Now we are here: 1 Fos
il 1 Hos
3.0 ] ]
. 7 0.4
25 B . 0.3
e - W02
2.0 T T
] _ 1 Mo
t:'ﬂ _: |. NN TN N N N T TN TN T N T TN T T N N W |_- 0.0
13 . 03 0.4 0.3
. —; | | p-value
E At 4 Bos
05 " . 3
s ] . s 1 [qoe
08 A e A ) I P - 4 [Hos
0.0 01 0.2 03 0.4 0.3 ] —
- 3 |os
Two scenarios: € sk 1 Bes
¥ Improve UL by a factor of 5-10 /_ 1 e
or 1 Hoa
e or observe something new! g 1 M.
E 1 Bo1
oo L ' L. ' ! = 0.0
0.0 0.1 0.2 0.3 0.4 03
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Summary lll

Y. Ohnishi, Y. Funakoshi

Peak Lominosity
Integrated Luminosity

L

peak

=9.3 x 10%2 /cm?/s @ 5/20/2018

0.315[10°%/enijsec] @05/20 17:32

00[/pb]

5/18/2018 2300 - 5/21/2018 900 IST
oo

600
500
400
300

280 -

-

=
m

= |

3

mw

1005

Beam Current [A]

900 — 10?

uE ..... f—————— —— 8.01 e
= s —Je.008 &
% E.f— —0-006 i‘g
E 4 —Je.004
5 2f- . aez|§~
= HI__L—!‘—O—-I—-O—-I—-I—-l—-I— e L o e 4 —t —p-;

5/19/2018 5/20 5/21

From January 2019 -- phase lll:
add vertex detector (Belle Il full set) and
perform long run for CP violation studies
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THANK YOU

Belle Il +
SuperKEKB have
successfully
started operation
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