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Talk Outline

Interplay bet. Belle Il and LHCb
Interplay bet. B (flavor) and high Pt programs

* Introduction \/

» Advantage of Belle Il and interplay with LHC(b)
» CKM

* B-D™®) TV, TV, IV

* B2 Xs |, B2KO TT

» Lepton flavor violation

» Status and prospect of SuperKEKB/Belle |l

* Summary “The Belle Il Physics Book” 1808.10567

Apology: | cannot cover all topics.
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Perfect SM

» CP violation explained by the mechanism proposed by
Kobayashi and Maskawa.

» Higgs has been discovered and its couplings to fermions
are being measured.
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Problems in the SM: naturalness, dark matter, matter-
antimatter asymmetry in the Universe, ...

New Physics beyond the SM



Role of Flavor Physics

Search for New Physics through processes sensitive to presence of
virtual heavy particles.

Complementary to direct search at LHC high Pt programes.

Becoming more and more important, since no NP signal at LHC at
this moment.




Hints of New Physics !

Observed deviation from SM
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Is Lepton Non-universality the clue to NP ?



SuperKEKB/Belle |l

New intensity frontier facility at KEK
» Target luminosity ; Lpeak = 8 x 103°cm-2s-!
= ~1010 BB, T*T- and charms per year !
Linc > 50 ab-!
* Rich physics program
Search for New Physics through processes sensitive to virtual heavy particles.
New QCD phenomena (XYZ, new states including heavy flavors) + more
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The first particle collider after the LHC !



SuperKEKB Accelerator

® |Low emittance (“nano-beam”) scheme employed (originally proposed by P. Raimondi)

Machine parameters Il (withot orab)

SuperKEKB KEKB Viin
LER/HER  LER/HER

\\“‘; 422 mrad ~10Qum /-

E(GeV) 4.0/7.0 3.5/8.0 | crossing angle /.

Replace short dipoles with
longer ones (LER)

crossing angle

€ (nm) 3.2/4.6 18/24 conéng e

Y & - , . _’a‘ B -
B)’ at IP(mm) 027/030 5.9/5.9 / @] — New superconducting final

focusing quads near the IP

Bx at

IP(mm) 32/25 120/120

Half crossing 415 ¥

angle(mrad) : X2 H H
I(A) 3.6/2.6 1.6/1.2 WA TR TP ——

Redesign the |attices of both rings to Dainping ring ’
reduce the emittance

Lifetime ~ | Omin | 30min/200min ‘-"/

Low emittance qun

Add / modify RF systems for
higher beam currant

Positron source

New positron target / capture

section
TiN-coated beam pipa with k

antachambers in LER F.D-‘.'.' emittance electrons to
L(cm2s-!) 80 | 034 2.1% 103 L) B . .R]

x 40 Gain in Lum|n03|ty




Belle Il Detector

* Deal with higher background (10-20%), radiation damage, higher occupancy,
higher event rates (L1 trigg. 0.5— 30 kHz)

* Improved performance and hermeticity

Belle Il TDR, arXiv:1011.0352 : Kl_ and muon detector
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC (end-caps, inner 2
\wbarrel layers)
| ———

EM Calorimeter NN
CsI(Tl), waveform sampling ‘electr

~ Pure Csl + waveform sampling
ing Aerogel RICH (forward)

— ¥ — !

electrons (7GeV)
 rate >2 x lower than in Belle

entification
agation counter (barrel)

Vertex Detector
2 layers Si Pixels (DEPFET) +
4 layers Si double sided strip DSSD ' ‘

L
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i
/

positrons (4GeV

Central Drift

Smaller cell size, long le
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* Belle Il now has grown to ~800
researchers from 25 countries

« ~270 graduate students

» Large international collaboration

hosted by KEK, Japan
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Advantage of e*e- Flavor Factory N

Clean environment Beg~> TV, T > iy /
Efficient detection of neutrals (Y, 19, n, ...) Bog> DL, Reggirun %
Quantum correlated BB pairs
High effective flavor tagging efficiency : y
~34%(Belle 1) €= ~3% (LHCb) A\ A e
Large sample of T leptons C N

Search for LFV T decays at O(10-%) \

» Full reconstruction tagging possible T« Tagside  Signal side 0
A powerful tool to measure; >,~\ Y(4S) ’L»
*  b—u semileptonic decays (CKM) K B, ° B, /
decays with large missing energy T ) \\
T v
+  Systematics different from LHCb B— 1TV
Two experiments are required to establish NP B—=TV,DTV

B— KvV



Advantage of e*e- Flavor Factory N

- Cl
o  LHCD
- Lokl
Lz
pp collision e*e- collision
large production rate low background
Fu L
Powerful ! {
\56
\"V
Sy TV
. TOYOTA FCV , DTV

NOW ON MARKET ! Vv



The role of T lepton

T lepton

. The heavi.e:j:t.charged Iepton. o ',, P
* High sensitivity to New Physics

electron muon

Gen.
Mass [MeV]  0.511 106 1780
Life o0 220us  0.291ps

.

Unique probe to search for New Physics

ete- = T*T- — decays decays w/ T in the final state
+ LFV (Lepton Flavor Violation) . charm

+ EDM, CPV.g-2 o bottom

+ LNV (Lepton Number Violation)

- BNV (Baryon Number Violation) * top

» Precision test of SM - Higgs

Belle Il has advantage for these measurements !
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Missing energy decays

+ ete- annihilation data is ideal to decays with large missing energy.

+ B tagging analysis enables also precise inclusive measurements;
b—ulv,b—sy,b—sll|

efficiency
et B tag w/ semileptonic decays
- 00 e
\ - e s %o of Vu’ Ve
— e SR >

Leptonic
- 352 %

purity



efficiency (%)

Tag algorithm date

Belle Il Full Event Reconstruction

e Belle Il has developed a new “Full Event Interpretation” tool

based on fast BDT.

Belle v1 (2004)
Belle v3 (2007)

Belle NB (2011)

Belle Il FEI (2017)

0.7F
06F
05F
0.4F
03f

0.2F

T

0.1

20

60

70

MVA Efficiency Purity
Cut-based (Vcb) - -
Cut-based 0.1 0.25
Neurobayes 0.2 0.25
Fast
.. 0.5 0.25
BoostedDecisionTree
. Belle I.I MC R I : I ‘ l lBeIIe Il lMC
*BGX0O ] g 1 * BGX0
* BGx1 _ % 0.8; * BGx1
1 oef .
: 0.4f .
E 0.2F .
8 90 030 a0 50 60 70 80
purity (%) purity (%)

e +NEW FEI method based on semileptonic tag

Fast BDT tagin B> D(*)lv+B->D(*)mtlv.

Number of decay modes used in tagging
(Belle — Belle Il)
- B*: 17929,B% 1426
* D*/D**/Ds*: 18—26,D0/D™: 217

Bt modes

BY modes

DT, D** D} modes

D, D*Y modes

Bt — DOrt

Bt — DOrtq0

Bt — DOt a070
Bt - Drntnta—
BT — DD

Bt — D0t

Bt — D*0pt70
Bt — D*0xtpty—
Bt — D¥0xtptp—n0
Bt — D:*D°

Bt — DFD*°

Bt — DK+

Bt - D ntnt
BT = Jyp Kt

Bt = JWpKtntn™
Bt — Jpp K*n®
Bt — JW KO+

BY » D—nt

BY — D—ntq0

BY - D= ntntn—
B — DFD-

BY - D* ¢t

BY —» D*7t70
BY —» D*ntpte-
BY —» D*ntpta—n0
BY — DD~

BY — DfD*~

BY — Dt D*-

B = JWK°

B — Jap Kot
B — J Kt

Bt — D ntrtg0
Bt - Drtptr—a?
Bt — D'D*

Bt — EOD“‘KS
Bt — D*D*K?
Bt — [_)OD*+KS
Bt — E*OD*“‘KS
Bt — D'DYK+
Bt —» D*ODOK+
B+ - EOD*OK+
B+ N [_)*OD*OK+
Bt — D*0xtp070

BY — D=7t x070
B 5 D atrta—n0
BY — DOrtg—
B » D-DY'K+
BY - D-D*K+
BY - D* DK+
B? — D*D*0K+
B’ - D~D*K?"
B - D*D+K?
BY - D-D**K?
B — D*~D*tK?"
BY - D* 7070

Dt - K ntgt
Dt - K—ntatq0
Dt - K-K*™nt
Dt - K- Ktatqa0
Dt — KO+

Dt — KO9rtx0
Dt — K2W+7T+7T7
D*t DOﬂ.-i-

D*t — D70

Df = K+K°

Df - Ktrtn~
Df - KTK—nt
D} - KTK—7ntn°
Df — K+K27T+7T7
Df - K- K% nt
Df - KtK - ntntn™
Df - rtrtn~
Dt — D 70

DY 5 K—nt
DY 5 K—gtr0

DY 5 K—ngtptn—

DY - 7 xt

DY — 7= ntq0
D% — K970

DY — K27r+7r*
D% — K9 tn—70
D’ - KK+

D’ - K-K+tK?
D*0 _y D00

D*0 _y DOy

Dt — nt70

Dt — ntgatn/
Dt - nta¥n—x0
D - KXKOK?
D*t — Dty

Df A& K27rJr

Df — Kontq0
Dt — Dfr0

DY - K—7t7070

DY 5 K—xgtrata—x0

D & rptata—
DO — 7=t 7070
DY - K~ K+70

Below line: not used in Belle NB tag.
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Prospect for CKM

® Details have been discussed by other speakers.

® See talks by J. Charles, A. Passeri, M.A.Vesterinen, A. Poluektov, M. Jung

® For |Vx|, Belle Il is able to perform both inclusive and exclusive measurements with B

tagging, including

® detailed studies of exclusive decays to understand the difference, which is presently

seen.

® precise branching fractions for normalization modes used at LHCb

® Interplay with theoretical studies is important.

Belle Il prospect for |Vyx|

1808.10567

o L Statistical Systematic Total Exp  Theory Total
% uncertainties (reducible, irreducible) Lattice
V.| exclusive (had. tagged) projections
711 b~} 3.0 (2.3, 1.0) 3.8 7.0 8.0
5 ab ! 1.1 (0.9, 1.0) 1.8 1.7 3.2
50 ab™? 0.4 (0.3, 1.0) 2 0.0 1.7
V| exclusive (untagged)
605 fh ! 1.4 (2.1, 0.8) 2.7 7.0 7.
5 ab ! 1.0 (0.8, 0.8) 1.2 1.7 2.1
50 ab™? 0.3 (0.3, 0.8) 0.9 0.9
V| inclusive
605 fb~ ' (old B tag) 4.5 (3.7, 1.6) 6.0 25-4.5 6.5-7.5
5 ab~! 1.1 (1.3, 1.6) 2.3 2.5—-45 34-5.1
50 ab™! 0.4 (0.4, 1.6) 1.7 2.5-45 3.0-48

14
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CKM fit w/ Belle Il + LHCb

Input Current WA SM value Belle 11 SM value Belle II4+LHCb
A 0 8227+00066 +0.0025 +0.0024

o4t 000042 0.00036 0.00035
I Faeon Fhon
p 0.15047 og9 " 0.0044 "0.0040 1808.10567
= 0 3540+0.00069 +0.0037 +0.0036
n : —0.0076 —0.00040 —0.00037

. . —1
Current world average Belle Il projection @ 50ab
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CKM fit w/ Belle Il + LHCb

Input Current WA SM value Belle 11 SM value Belle II+LHCb
0.0066 0.0025 0.0024

p 0.15047 g06 T 0.0044 T0.0040 1808.10567

- 0 3540+0.00069 +0.0037 +0.0036

Ul 992U _0.0076 —0.00040 —0.00037

excluded area has CL > 0.95

M5 = (M35)sm < (1% hd.ye

phase

Belle Il 5ab! + LHCb 7fb1

p-value
1.0

Stage |

Belle Il 50ab! + LHCb 50fb!

p-value
L L T 1.0
3.0 excluded area h’a\s CL>0.95
0.9
Stage Il
2.5 0.8
_| 0.7
2.0 i
i 0.6
1.5 . 0.5
1 |Ho.4
1.0 . 0.3
] 0.2
0.5 .
7 0.1
0.0 1 “‘ | R | 1 | 1 | ] 0.0
0.0 0.1 0.2 0.3 0.4 0.5
hd
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B—-D(*)TV,B—TV

New Physics may appear in tree level.

3rd generation quark (b) and lepton

(T) involved.

* large masses — sensitivity to NP
* Charged Higgs, Leptoquark, ...

B—=D® TVvand B— TV are

complementary

Quantities of interest

* Lepton Flavor Universality :

« R(D),R(D*)
* Polarization: P+, Pp*
* qg? distribution etc.

\

W-/H-,




Summer 2018 update

R(D*)

0.45

0.4

0.35

0.3

0.25

0.2

R(D), R(D¥)

|

9]
‘ Summer 2018 ‘:
P(%%) = 74% -
1 1 1 1 I 1 1 1 L I 1 L 1 1 1 L 1 1

1 1 I | | | I |
BaBar, PRL109,101802(2012)
Belle, PRD92,072014(2015)

LHCb, PRL115,111803(2015)
Belle, PRD94,072007(2016)
Belle, PRL118,211801(2017)
LHCb, PRL120,171802(2018)
Average

Ax* = 1.0 contours

== Average of SM predictions

R(D) = 0.299 £ 0.003
R(D*) = 0.258 £0.005

4o
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BaBar had. tag
0.332+£0.024 £0.018

Belle had. tag
0.293 +0.038 +0.015

Belle sl.tag
0.302+0.030+0.011

Belle hadronic tau

—R(DY)

0.270 £0.035 £0.027

LHCb muonic tau
0.336 £0.027 £0.030

LHCDb hadronic tau
0.291 £0.019 +0.029

Average
0.306+0.013 £0.007

SM Pred. average
0.258 +0.005

PRD 95 (2017) 115008
0.257 £0.003

JHEP 1711 (2017) 061
0.260 +0.008

JHEP 1712 (2017) 060
0.257 +£0.005
HFLAV

0.2

R(D)

Deviation from SM slightly decreased

from 4.1 —3.80, mainly due to change
in theoretical SM prediction.

BaBar had. tag
0.440 £0.058 £ 0.042

Belle had. tag

0.375+£0.064 £0.026

Average
0.407 £0.039 £0.024

PRD94,094008(2016)
0.299 +0.003 ¥

FNAL/MILC (2015)
0.299 +0.011 T
HPQCD (2015)
0.300 +0.008

HFLAV

L1 !

Only had. tag.
at B-factories

0.6
R(D)



Talk by Adam Morri

Candidates / (03 GeVich) Candidaes / (03 GeVik*)
= 12 = ™ s o

Candidates / (03 GeVi/c*)
M s o BB
» = = x = S .
1 [ .
o

Candidates / (03 GeVikc )
h = o

IS

R(D*) at LHCb . ..

Exploit the T vertex isolation.

R(D*) muonic R(D*) = 0.336 4 0.027 (stat) + 0.030 (syst)

R(J/Y) muonic R(Jap) = 0.71 £ 0.17 (stat) + 0.18 (syst)

R(D*) hadronic r(D*) = 0.291 + 0.019 (stat) + 0.026 (syst) = 0.013 (ext).

R(D*) muonlc

IRETIFRETE [RATA AT
Candadates ! (75 MeV
B =
> = =

Candidates I'(O.6GcV et )

{#w
¥
> TR NTETE EREEH | -
=) 5
Canddates ! (75 MeV)
'3 b3 o o .
g

FTETITIRI IRTTa FATTa Y
Canddeos /(75 MeV)

Candidates / (0376 ps )

. L
215 ili
TR ITTRI AT IRTN |
=)
Canddates ! (75 MeV)
Ll = b 5
> ] ] ] ] L3t
¥

4 3 8 , L0
me,_ (GeVie®)

[PRL 115, 112001 (2015)]

R(J/Lp) muonic

R(D*) hadronic systematics

5 S 8
ZqE)
[PRL 120, 121801 (2018)]

Source 6,5((3* )[ty]
Simulated sample size 4.7
Empty bins in templates 1.3
Signal decay model 1.8
D**tv, and D" Tv, feed-down 2.7
DF — 37n% X decay model 2.5
B — D*D}X, D*D*X, D*D?X backgrounds 3.9
Combinatorial background 0.7
B — D*~3n* X background 2.8
Efficiency ratio 3.9
Normalisation channel efficiency 2.0
(modelling of B — D*~3x%)

Total systematic uncertainty \ 9.1

[PRL 120, 171802 (2018), PRD 97, 0%2013 (2018)]

Belle Il may help !



R(D¥*)
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Belle |l Projections

* Lepton universality violation may be established even with 5ab-! (2020).

* High statistics data will provide more detailed information, such as T
polarization, g2 distribution, to discriminate type of NP.

1 T T T T I T T T T I T T T T I T T T T

Belle Il Projection
Belle Combination
SM prediction: PRD85 094025 (2012), PRD87 034028 (2013)

Scalar
Vector PRD87 034028 (2013)

Tensor

f:)
%)
=

_I 8’ 8fb1 / /”_“ \s§
; 1"ﬂ)’22fb'41 ot b\

mm_uudehhuei
0.3:— \\\\;(, J / —: .
028 LHEP &’//i

S
)
(o]

III|IIIl

|

ot

[*a)

%
11 1 I
N A D
S O O
|o|||O ||o

0.26:— WLHCh  [Bellen Jﬂ/_ - _— \_/ _: 8 9 (1]20(G;\}2/021)2
- SM [ » | Future WA [ | SM prediction ] - | | | .
024503 035 04 o045 U2 0% 03 0% 0.4 ekt
arXiv:1709.10308 R(D) R(D")
AR(D) [%] AR(D*) [%] * More observables (distributions) !
Stat Sys Total Stat Sys Total *  P(1), P(D¥)
Belle0.7ab! 14 6 16 6 3 7 « dl/dq? dl/dpp, dl'/dpe, ...

Bellell5ab!l 5 3 6 2 2 3
Bellell50abl 2 3 3 1 2 2

* More modes !

c B—-oT1TY,
Will soon hit the systematic limit ! . Bs— Ds TV (at 55 runs)
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Pinning down leading systematic errors

+ Measurement of R(D*) will be systematic
dominated rather soon (at ~5ab-! at Belle Il)

+ Leading systematic errors:
+ Uncertainty in D™ composition

* Uncertainty in modeling of B=D™ | v
Kinematics

 Uncertainty in hadronic B decays as well

(for measurements with T hadronic
decays)

t Belle Il will provide much more information |

i Differential distribution of narrow and
i  broad components

i+ More complete study of D™ decay width
{  m2nss studies and hadronic modes

g Belle, arXiv: 1803.06444
New hadronic tag analysis
B*—=DOTT*IV (1.4k signal)
BO—=DOTT*IV (1. 1k signal)
e B(BtY - D n¥fty)
— [4.55 + 0.27 (stat.) =+ 0.39 (syst.)] x10~3,
o B(B® = D7 £+v)
= [4.05 + 0.36 (stat.) + 0.41 (syst.)]x1073,
e B(BY = D* =nt{tv)
= [6.03 = 0.43 (stat.) + 0.38 (syst.)]x1073,
e B(B" — D*°z—*v)
— [6.46 + 0.53 (stat.) + 0.52 (syst.)]x10~3,
%lk‘u KJ§
&0 o8
g ol
%m « %
§ o © 3
" i 10
g ] T~ &
C Eeen oo y

O(10) more tags
expected !



Measurement of T polarization

e Belle Il will be able to measure distributions; such as T
polarization, g2 distribution, to discriminate type of NP.

Measurement of T polarization

1 dar 1(1 (D" Br)
['dcosOpe 2 + alz (D7) cosOhel
(1 fortT -omv,
“= {~0.45 fort™ = p7v, Known
° +— M
T rest frame i W rest frame PB B tagglng
! 2EgEq-mZ—m3 * Pp < D recon.
: g —C0S0y =
6 | td 2|p+llpal
\hel = B
Wi+ @=—)—
|Pe |

By the Lorentz transformation,

|P‘fz|C059he1 = —BYE4 + vIpglcost,,
} i

mZ —mj |P-| E;

m?2

m; m,

Solving the equation, cosby, is obtained!

e T
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B— 1TV, IV

Belle Il will be able to measure B—T v precisely, b B -
and also measure B— [ V for the first time. B- >W<
They will provide useful information to digest NP U U
models (if the present anomalies are confirmed).
SM branching fraction 2\ ?
5 B(B~ — L p) = GFZ;mf (1 - Zf) 3| V|75
B

Parameters
® B decay constant (FLAG 2016) : fp = (186 = 4) MeV

e CKM element (HFLAV 2016?) :  |Vis| = (3.55 £ 0.12) x 107°

® From exclusive measurements

Possible correction by NP

(B, = (7.7£0.6) x 107° )
Br=Br,, xr, Iy=[1-g

B,=(354+03)x 107

—12 2
L Be = (8.1£0.6) x 10 Type Il 2HDM, W. S. Hou, . _ _M_Etanzﬁ
PRD 48, 2342 (1993), H 2

My




B— TV, I|VatBellell

B—TV
e Exploits high efficiency of the hadronic

tag method through the Full Event
Interpretation (FEIl).

e Selection of photon candidates is
important to cope with machine
background in Belle Il (x20 w.r.t. Belle)

e Cluster energy, timing, shape (E9/E25)
e Multivariate continuum suppression

B—puv

¢ Tagged searches are possible, but
efficiency is too low

® Extrapolation from Belle to Belle |

® Branching fraction error : 7%(stat.)
at 50ab-!

Belle IMC,L=1ab™

23

1808.10567

% 1200 WM signal
3 Ms's, 8%
w1000 B continuum
800
600
400
200
00 01 0.2 03 04 05 06 0.7 0.8 09 1
EecL (GeV)
ErcL <1GeV < 0.25GeV
Background yield [events] 12835 2062
without background Signal yield [events] 332 238
Signal efficiency (%o) 3.8 2.7
Background yield [events] 7420 1348
with background Signal yield [events] 188 136
Signal efficiency (%o) 2.2 1.6
700 ‘ s
il N\ Belle MC signal |
500/ ') Belle MC background | 1
400/ ,,,,,,,,,,,,,,, [: Belle MC signal x 10 ]
300 e o e e —— o
a0 /// =
0 ///V///WV T i
2.6 2.9 3 31
p* (GeVic)
Experiment Upper limit @ 90% C.L. Comment

Belle [225]

® 50 observation at 6 ab"! Bello (226

BaBar [222]

2.7 X
1.1 x
1.0 x

10~ Fully reconstructed hadronic tag, 711 fh—1
106 Untagged analysis, 711 fb~1
1075 Untagged analysis, 468 x 106 BB pairs
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Constraint on NP

Effect by New physics

B(B_ — f_ﬂg)Np = B(B_ — K_DE)SM X ‘1 + ’I“ENP‘2

Present constraints
1+ rip|=117+0.12,

Two ratios to reduce theoretical

uncertainties:

. | |Vubl
Tgo B(B~™ — 177 1;)

Ros = = . R
P> rps B(BY = n+l—,)" P

RYP = (0.539 4 0.043)|1 + 1%p |,

NP
RYP =

m2 (1 —m?2/m%)?
B mﬁ (1 —m2/m¥%

Current constraint from Rexp,
=0.73x0.14

» 11+ 7rkp| = 1.16 £0.11

11+ rkp| < 1.7 (90% CL),

B(B~ — T—DT)fB
B(B— — pu—i,)
Error from B—>m
form factor (f+)

1+ rip| < 348 (90% CL).

2|1 +r%p|” ~ 222371 + %p |-

Belle Il projection

R52™ =0.5440.11, R =0.5440.04,

' =999+ 76 R5°ab1 9299 + 926 .

95%C.L. limit on r

Luminosity Rps Rpl
5ab~! [—0.22,0.20] [—0.42,0.29]
[—0.11,0.12] [-0.12,0.11]

5ab™
R3]

50ab !
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Testing B anomalies at ATLAS/
CMS (e.g. LQ model)

® The Leptoquark (LQ) model is a favored model, which can
explain observed anomalies consistently: P5’, R_K(*), R(D(*))

e Coupling to 3rd gen. > to 2nd gen.>> to |st gen.

Exclusion limit at 95%CL
2.0

[0 v) b v) data (b v) (b v) prospect
| 13 TeV at 14 TeV, 300 fb!

e.g.:scalar leptoquark

1.5

3
b g1

(c 7) (c T) prospect
t 14 TeV, 300 fb~!

0.5

g1 91k
QﬁGF*VCbCLQQ=— V2 0.0 e rrererreene PN
i¥ S1 400 600 800 1000 1200 1400 1600

M, (GeV)

Once B anomalies are confirmed, it would be interesting
to see results of ATLAS/CMS w/ 300fb-!
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Talks by Francesco Polci

-o-1.HCh @ BaBar —a—Belle

& 2r eyt T
N LHCb 1
- 3fbl
|.5_ - :
0.5f .
- PRL 113, 151601 (2014) -
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._.
n

Ll |

dBR/dg* [x 107 GeV *¢*)

'

= Quu

B->puu

q* [GeV?/c*]

CDF [Public note 10894]

LHCb [JHEP 09 (2015) 179] 3 fb! -

F fis=
»- —— r
e *
0; a ] —— P — | — P — )
0 5 10 15 20
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b — s || inclusive

Belle Il can provide data from inclusive measurements

o 1 L 1 1 L U L B LI T ]
[ < 5 ! : : H
sum of exclusive, as done by Belle & {7 P AR
[Belle, arXiv:1402.7134] ! I 1
10 modes, M(X,) < 2.0 GeV B I 1
50 % of total inclusive rate 0.5 : (0"
(goal here was A_;, flavor of B needed) . 00 : N : : \ -
B? decays B~ decays < ’ F e I : ]
(K¢) K~ : .
KN 77 ::1\'.{’.,1.".'): K=" Ken™ 05 [ :g::::u \\ i
K ntx" (Kem™=T) 1\'_,7*.'.'_ Kgr™=n° :
T ST _ 0 . s T [ Belle Il low q2
K #a%a~ % (Ksn n'a%) |[K nTa"n Ksn™n7x [ : — Belle Il high g2 : -
(K~ ntr~ata") (K3 "_:*:."r' WK atn - ata Y Kgx~ntn"n"%) 10 - 772 T
~0 5 10 15 20 TP AP U U S Lk
1808.10567 o [GeV?/c7] 2000 2005 2010 2015 2020 2025
¢ vear
Observables Belle 0.71ab='  Belle I 5ab~! Belle II 50ab™* 2 0F TTrrrrrrrrrrrrererrrerers
Br(B — X_£16) ([1.0,35] GeV?) 20% 13% 6.6 : R e
Br(B — X 167) ([3.5,6.0] GeV?) 24% 11% 6.4% 1.5 SRS |
Br(B — X ) (> 14.4 GeV2) 23% 10% 1.7% ; =
Acp(B = X.0707) ([1.0.3.5] GeV?) 26% 9.7 % 3.1 % 1.0}
Acp(B — X +07) ([3.5,6.0] GeV?) 21% 7.9 % 2.6 % [
Acp(B = X 0707) (> 14.4 GeV?) 21% 8.1% 2.6 % 22 osf
.4[.13(_3 - -\_,’. )._Y‘ [103.) Ge\ .') 2()(/'2 0.7% 3.1% [
App(B — X.0+17) (13.5.6.0] GeV?) 21% 7.9% 2.6% 0.0
App(B = X, 0707) (> 144 GeV?) 10% 7.3% 2.4% [
Ace(Arg) ([1.0.3.5] GeV?) 52% 19% 6.1% ~0.5}
A ( 1}3 [ J U GaeV '] 1.!‘/21 16('{ 52(1
Acp(Argr) (> 14.4 GeV?) 38% 15% 4.8% 1.0
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Tauonic channels become more interesting, as R(D()) get more

precise !

B2 KOTT

B(B*"»K"' 1"t )5, =(1.22+0.10) 107’
B(B°»K%1t" 1 )y =(1.13 +0.09) 107’
B(B"'»K " 11 )y =1(0.99 +0.12) 107’
B(B°»K™ 1" 1 )gy=1(0.91 +0.11) 107’
1808.10567

Observables Belle 0.71ab~" (0.12ab™!) Belle Il 5ab~' Belle II 50ab~’
Br(Bt = Ktrt7)-10° <32 < 6.5 <20
Br(B? = 7+7—)-10° < 140 < 30 <906
Br(B? - vt77) - 10¢ <70 < 8.1

B—- K®Tup
1808.10567

Obser‘vahles Belle 0.71ab~! (0.12ab™!) Belle Il 5ab~' Belle II 50ab™!
Br(Bt — K*t7%e%)- 108 <21
Br(Bt = K+7u¥)- 108 <33
Br(BY — 7%¢¥) - 105 <16
Br(B° — Tiy: ) - 108 <13

e arXiv: 1712.01919
8
U Ry&Rpy 20
E:;’ 6 | B Ry, &R 10
o | B Br{B:-11]
4 W BriB->K"11]
B Br[B-Kr11)
Ll Br[Bs—= ¢r1]
2
o= == . -
1.1 1.2 13 14 1.5
Ry/R3M

L. Calibbi et al.,
11709.00692

BriB—K r u|x10°
0.7 0. . —

0.6

05

0.4 m R(D") 20
_:?" m RD“H1e

0.3 Cq'=—Clp 20

0 2' - C‘glu=—C‘1[g 1o

0.1
oo | 05 | 2

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14
sSl=sk



Wilson coefficients with

Belle Il and LHCDb

e W/ilson coefficient scan under given NP scenarios.

29

J.Albrecht et al,,

1709.10308

([CYP™, CNP™)_(CJ™, Cl™) (O, Ci™™)_(Re (CI), Zm (CI))_(Re (CFF),Zm (CF7)
(—1.0,0.0) (—0.2,-0.2) (—1.0,0.0) (0.00, 0.04) (—0.075, 0.000)
Belle IT exclusive ~ (—1.4,0.4) (0.4,0.2) (—1.4,—0.7) (0.08, 0.00) (—0.050, 0.050)
Belle II inclusive (—0.8,0.6) (0.8,0.2) (—0.8,0.4) (0.02, —0.06) (—0.050, —0.075)

® With projected uncertainties at milestones

151

1.0+

NP 1000
CHO

—1.0+
—-1.5¢

20 505 —i0 —05 o0

05F.
0.0+

—0.5+¢

NP ppe
C%

0.5

1.0

NP ee
C%

1.0 flavio

0.5+

0.0}

—0.5+¢

—10}

—2.0

15 —10 —05

NP pip
Cg

0.0

0.5

Belle ll(ab-"y LHCb(fb-!)
5 8
50 22
50

0.10

0.05

—0.05¢

—0.10

0.00 005 0.10

Re(C)")

—0.10 —0.05




Lepton flavor violated in (Sisgoaicementevy] ( MoenLFV ) (7| By processes
the neutrino sector. 1€y
Slepton ‘ /T_)M'Y
Some NP models predicts '“("‘25 $
: m;| = A
LFV to be observed in My Rt
. q723(13)
‘near’ future experiments. \ | & more decay modes.

Complementary to LHC

T LFV complementary to
muon programs

® |I—eY,eee

® L—e conversion

LFV T Decays
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3
Comparison between NP models

® Ratios of tau LFV decay BF allow to discriminate between new
physics models.

SUSY+GUT . : . . non-universal
(SUSY-+Seesaw) Higgs mediated | Little Higgs 2 boson
B(r = pyupt) ~2x103 0.06 - 0.1 0.4-23 ~16
B(r — pv)
B(r = pee) ~ 1102 ~ %102 03- 1.6 ~16
B(r = pv)
B(T — /Lf)/)max < |07 < [Q-10 < 10-10 < |09
T — uy T — uup
Favorite
Y T w
modes . § @

>
X h\ » W
_ _ /
T [Ty & > ‘
> == \

2
(mi )23(13)
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Tau analysis at Belle

40 times higher luminosity gives higher machine induced backgrounds,
which complicate tau analyses.

+ Touschek, beam gas, SR, radiative Bhabha, ...
»+ Mitigation of backgrounds have been studied based on MC.
» Cluster energy, timing, + charged track selection (Pt, dz)

Crystal energy Shower (no timing selection) Cluster (timing selection, Eame' > 20 MeV)
J.IIllllllllllllllllllllll lllll

~

o © \/ ;
% :
> | :

Belle I MC G h : Belle Il MC : Belle Il MC

o "'l' 11)0; |||b'|.rs|"|| I'Af?"\\\\ ||||||||||o ||||||||||||||||||||||||| | ||||||||||||||||| 3

PR = - cIuster tlmlng
: 4 ‘ l T T T T T T T T T . -
- -~ v Y%Hv 'Il" II"'II '1"' T 'Il" vlv!v!lvlv ] 'vvl

10°F | E
e -
i :
104 ™ E
i :
oL -
107 E
t =
HI . PR P | SRR | 11| PP TP R B
0.070.70.370.570.4 057 0.670.7 0.6 0.9 1.0 100

Energy of gamma [GeV] ECL cluster hit timing [ns?]



Tau LFV prospect at Belle |l
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Belle Il will push down the current bounds further by more than
an order of magnitude.

Need to check the actual background situation with real beams.
It is also important to increase sensitivity by improved analysis
technique.

33
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Tau LFV and Higgs LFV decays

o CMS, 359!, 13TeV CMS PAS HIG-17-001
® tau reconstructed by both septic and hadronic decays.
® The observed (expected) limit (95%C.L.):

® Br(H—uT1)<0.25 (0.25) % » \/|ym|2+ Youl? < 143 x 1073
® Br(H—eT)<0.61 (0.37) % VIYer P+ [Yee 2 < 2.26 x 1073

35917 (13 TeV) CMS Preliminary

>10"

_____
1 U

107E

10‘5_5' o o S

10°  10* 10° 102 10"
v | Y|

Comparison of improved limits by Belle Il with LHC

will be interesting.
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Tau LFV and SUSY direct
search at ATLAS/CMS

® Constraints on neutralino and slept mass from T— Yy based
on MSSM.

1808.10567

T [y: Ox3= O.; & tanp = 10

[ T ™) July 2018
1000 - = £ el r— 500 I T T T T l T T T T I T T T T | T T T T I T T T T
I BELLEI 50 ab ] > o+ B _
mmmmmm BELLEIl 5 ab! [Ob) ¢  ATLAS Preliminary 8 TeV, 20.3 fb~", arXiv:1403.5924, / ¢ [&,i] -
) P - ; 2¢ compressed, arXiv:1712.08119, 7 € [&, /7]
: 4 400 L Vs =13TeV, 36.1 fb~ 20 0 jets, arXiv:1803.02762, 7 € [&, i, 7] N
800¢F . W o~ s - q
= ” * All limits at 95% CL
P E 300 i — Observed limits
S p | --- Expected limits B
t >< 600 T ' |
S ‘~' I \fb ‘
H BH H H H =H =S H H = = B = B = BB = =N =N =N = ~ ‘J"/
| 200 . -
- 3 9 P
400 ] L «\\{W, s
100 |- ]
200} i
* * - * - 0 e I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 l 1 1 1 1 |
. 200 300 . 200 ==~ 100 200 300 400 500 600
m-zx - -
[ -

------------i-----------‘

m(¢. g) [GeV]



SuperKEKB/Belle Il Plan

Phase | (w/o QCS/Belle Il)

» Accelerator basic tuning
with single beams

Phase 2 (w/ QCS/Belle Il but

w/o VXD)

« Verification of nano-beam
scheme

« Understand beam
background

Phase 3 (w/ full detector)
 lab-! after | year

» S5ab-! by ~2020

* 50ab-! by ~2025

Phase 1
w/o QCS/Belle Il

Phase 2
BEAST II, no VXD

Phase 3
Physics run w/ VXD

Integrated Luminosity
[ab~]
N W b
o o o

-
o

60
50

Peak Luminosity
[1035 ecm-2s1]

S N A~ O OO
LILIL) LILIL ) 1

|

.....

PR | | | |

9 months/year
20 days/month

PR T WY N N (N N - |

Reached
at Belle \\
40x Belle

20

16 2017 2018

2019

2020 2021 2022 2023 2024 2025
Calendar Year
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First Collision !
0:38, April 26,2018

F 4
4, /3 /

g -
c -
§ Y,
ifinad
-
|

First hadronic event, April 26 2018
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2018

38, April 26,
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Collision with Nano-Beam

€9 =W (without crab)

I | 1.um = S
' Sm:n\\\‘; ..... 22 mrad ~100um -

crossing angle

J’ v

Belle case 1999 data

60 |
40 |

20 |

-20000 - ]0000 0 10000 20000

Entries / [0.01 cm]

SuperKEKB

3000

2500

2000

1500

1000

500 ¢}

“"’*\&\\Smm

83 mrad . A~
crossing angle
Belle 11 2018 (preliminary)
- Median=—0.015cm _:
. _
E 068=0.055cm ' ' —
] ]
2 v i
+ +4 Runs 1869-2047
i det—24pb 1 :
“L‘!. . , | . ,.°o= . ]
—0.4 —-0.2 0.0 0.2 0.4

Zo [cm]

383

Phase 2 vertex data verify collision spot

much shorter than the bunch length.
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Luminosity during Phase 2

Peak Luminosity 51.839[10*2/cm?/sec] @07/02 15:05
Integrated Luminosity .00[/pb] 3/16/2018 9:00 - 7/18/2018 9:00 JST
0 8 _— L] T N ‘l' .., l\ L] g "l ! L) i . I . ll . L] .t . ! ) .' I L) L} L) L] l I L} L] L)
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Belle |l performance in Phase 2

® Clear mass peak observed by combining charged tracks
and photons

K, 2mm 70 DyY d > KK

N FT ‘ T ' T T T —_ x103 T T T T T
Q 6000_ * — I B T T T T T 7 f— T T T T T T T T T T T T T T T
> E - : 1 ‘o - 4% 1000~ -
e - Belle Il 2018 (preliminary) —} Data 1 S 15 Belle II . *HH+ f Ldt=~5pb" % - 1
«© 5000 J.Ldt J— — Fit — 8 - 2018 (Preliminary) . 12 N ¢ ]
% o & I { L E>015Gev ]z 80T ¢4 -
2 4000 . 8 L ' f i g L ¢ ++ i
L - - o - 4 <
3000 W= (497159 £0.013) MeVic*] = [+ Data ! , 1+ g . Mot 6o e ]
B c=(3.46220.075) Mev/c® | @ i ¢ ' : 400%,:“:,,#‘# 0t o Mgt 0 i
2000 1 £ osL o N . B f L dt =250 pb’’ :
E - e * ) ’“’“0."mw"m #Q - m
L = N'ﬁ. - - i
1000~ - me 4 4 200\— Belle 112018 —
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Entries / 4 MeV/c?

B reconstruction in Phase 2

® B meson signals have been seen in Phase 2 data.

Hadronic B decay modes Semileptonic B decay modes

:IIIIIIIIIIIIIIIIIIIIIIII]IIIIIIIIIIIIIIIIIII: _III||I||III|III|III|III|III|III_
N 1 8"~ D" e
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Events

Data / MC

T—3TTV in Belle |l early data

Talk by Michel H.Villanueva at TAU2018

® 291pb-!in Phase 2 run.

Ms+ distribution

soo - Belle Il 2018 (Preliminary) 4 Dam :
E | MC total (stat @ sys) 3

700 £ det=291 pb” i ( E
: Tt Ty = 3V

15 ;___l._'._.. LI O N UL B I .- . : L '_
J S s 1] ) —
0.5 SN TR T 1 B R T L1 11 L ' Il | l P | 3

0 05 1 15 2 25 3 35
M, [GsV]

s e UL SN N NS S SR S S S N et S N 9 S M S S S \

5 Preliminary T mass measurement
’ m.=(1776.4 = 4.8 (stat)) MeV/c?

NIy

| consistent with previous results |

Events / (5.0 MeV/ic?)

Pull

7—3mv in Belle |l early data
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Prospect toward Phase 3

Completion of 2nd SVD half shell

SVD has been constructed, and being
commissioned with cosmic rays.

PXD ladders have been delivered to
KEK.

VXD mounting on beam pipe in
progress.

VXD installation in Belle || expected
in November.

Phase 3 will start near the end of
JFY2018.

PXD 2nd half shell



No NP at LHC so far

The mass region ~| TeV almost excluded !
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Overview of SUSY results: squark pair production
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Overview of SUSY results: gluino pair production
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We know this old road...

T vl N £ il A - v v P T T g M Lot o R | R R ¢ rr.r'n'l".»"""v-wum‘

by Hiroshige Utagawa (1797-1858)
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Learning from history

* Suppressed KO—= up (GIM) = Charm quark !
* CPVin K0 =2 T111T(KM) — 3rd generation !!
- B-B oscillation = Top is heavy !!!

OBSERVATION OF B°-B° MIXING

Table 3

Limits on parameters consistent with the observed mixing rate.
AR(’U S Collaboratlon Parameters Comments
BY-»D}~uiv, : ;
r>0.09(90%CL) this experiment
x>0.44 this experiment
1) B'?fg=f, <160 MeV B meson ( ~ pion) decay constant
=0 m,<5GeV/ic? b-quark mass
DT_ﬂﬂIfD T<1.4x107 "% B meson lifetime
|Vl <0.018 Kobayashi-Maskawa matrix element
! Nocn<0.86 QCD correction factor
m> 50 GeV/e? t quark mass

DsKfny, A
and jf\_
B2-DI pive Mt > 50 GeV/C2

l

D% »a°D-

)

. D--Kinsns .
Fig. 2. Completely reconstructed event consisting of the decay T
(4S)—-B°B°.

Physicists were rather optimistic before ARGUS
observed this !
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Summary to find NP

® The role of flavor physics is important.

® Belle Il is ramping up !, and data will be on market soon !!
pIng up

As Belle Il accumulate data, interplays are important with
 LHCDb

» friendly competition

- supplement information: precise branching fractions for

normalization modes, detailed studies of physical background
such as D** | v for R(D®)

 ATLAS / CMS

» it would be interesting to test collider data with given NP
models, which can explain anomalies in flavor data.

e Theorists

* to reduce theoretical uncertainties Stay Tuned ! D>
- to interpret data and feedback. />
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Today is #darkmatterday. Read more about dark matter research at #Belle2 at
belle2.jp/discover

facebook.com/belle2collab/p...
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Belle Il Collaboration
YEm#: Robert Seddon 66148 - @

The big eye of the Aerogel Ring Imaging CHerenkov detector (ARICH),
which will be located in the forward endcap of the Belle Il detector, has
been completed! All 420 of the novel pixelated photo-sensors known as
HAPDs (Hybrid Avalanche Photo-Detectors) have been installed
together with the corresponding read-out electronics. This is a major
milestone for this innovative detector system. What remains to be done
is the cabling of signal and supply lines on the rear side of the detector.
Once this is accomplished, the cover lid will be placed over the aerogel
layer and mounted on the #Belle2 structure. We are looking forward to
seeing Cherenkov rings!
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HAPDs (Hybrid Avalanche Photo-Detectors) have been installed
together with the corresponding read-out electronics. This is a major
milestone for this innovative detector system. What remains to be done
is the cabling of signal and supply lines on the rear side of the detector.
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