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(Super) B factory
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electron-positron colliders: eTe™ — Y(4S) — BB

mp+ = 5.27931(15), mpo = 5.27962(15) GeV

25 —— e — ———y
i https://www.classe.cornell.edu/public/lab-info/upsilon.html 1
A~ ~ * -
P I ]
S ;
g SR
15 F ': -
ks I .} |
S I AN
T 10 - i 'll P.',. -
+$ i ';:. ? *' ’f.~ :
e 5 ~ 'l "-+ "* f . \;{ =
O W ey el
L Y(1S) T(25) T(39) T (4S)
0 PRRETERT R R T | IR S T T PR TR N ST S T ST S R — PR ST ST ST ST ST SN T T T TR S S SN S
044 046 10.00 10.02 10.34 10.37 10.54 10.5% 10.62
D
Mass (GeV/c)
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Minoru TANAKA

Table 18: Total production cross section from various physics processes from collisions a
Vs = 10.58 GeV. Wy is the minimum invariant secondary fermion pair mass.

Physics process Cross section [nb] Selection Criteria Reference
[T(A8) TIA04£0008 T - 2
uti(7y) 1.61 : KKMC
dd() 0.40 - KKMC
s5(7y) 0.38 - KKMC
cc(7) 1.30 - KKMC
ete (7) 300 & 3 (MC stat.) 10° < 0% < 170°, BABAYAGA . NLO
E* > 0.15GeV
ete () 74.4 pe > 0.5GeV/c and e in -
ECL
() 4.99 £0.05 (MC stat.)  10° < 0% < 170°, BABAYAGA . NLO
EZ > 0.15GeV
Yy () 3.30 E, > 0.5GeV in ECL -
wt () 1.148 - KKMC
wt () 0.831 py > 0.5GeV/cin CDC -
w Ty () 0.242 pu > 0.5GeV in CDC, -
> 1~ (Ey>0.5GeV) in ECL
77 (v) 0.919 - KKMC
vi(7y) 0.25 x 1073 - KKMC
ete"ete” 39.7 £ 0.1 (MC stat.) Wi > 0.5 GeV/c? AAFH
ete putu 18.9 £ 0.1 (MC stat.) Wi > 0.5 GeV/c? AAFH

E. Kou et al,,"“The Belle Il Physics book™, 1808.10567.
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cf. Cross sections at LHC

Standard Model Production Cross Section Measurements

J. Kretzschmar, 1803.10800

Status: May 2017
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B°(bd), B°(bd)
flavor tagging

b > - C
- 1%
b—cu v
T At
b— cu'v
BO
heavy top suggested
Vi, 1=u,ct ZZ
b > > > q
Figure 25: The golden event found by H. Schroder. It shows the reaction T (45) —
w W BYBY — BB which is evidence for BB mixing.
q -t - -t b https://argus-fest.desy.de/e301/e305/wsp_arg new.pdf
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. 2400 p———— —T—T—T—T—T— 300
lepton endpoint spectrum
in b — cfv, ulv 2000 250
2 2 2 E 1600 200
e . MB ~—Mp TMy ¢
Iy < g
2mpg S 1200 150
~ 2.3 GeV ;0-} 800 100
£
400 50
0 5;- B-ILF"‘J"‘J’{ 0
2.0 2.2 2.4 2.6 2.8 3.0

Py (GeV/c)

FIG. 1. Sum of the e and u momentum spectra for ON data
(filled squares), scaled OFF data (open circles), the fit to the
OFF data (dashed line), and the fit to the OFF data plus the
b— clv yield (solid line). Note the different vertical scales in
(a) and (b).

https://doi.org/10.1103/PhysRevLett.64.16
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EPJC74(2014)3026

Asymmetric electron-positron colliders

ete” — Y(4S) — BB  boosted B pairs

mixing-induced CP violation
time-dependent CP asymmetry

decay time €= decay position
T~ 1.5 ps ct ~ 460 um

Minoru TANAKA | 4



PEP-II

HER RF
Collimators

e HER Momentum
=¥y Collimators

LER SLM

b BaBar
%~ Detector

LER Tune
Wiggler
HER Injection

LINAC

4 LER Tune

RF, Feedback
HER Feedback,
Decoupling

HER Tune, DCCT, BCM, Decoupling
LER Wiggler, DCCT, BCM

HER : High Energy Ring

@
=
-]
E‘ LER : Low Energy Ring
]
8

Positron Target
Electron

Source

B Factory

e~ beam energy e beam energy Lorentz factor

E_ (GeV) E. (GeV) Gy
PEP-II 9.0

KEKB 8.0

crossing angle

¢ (mrad)
3.1 0.96 0

3.9 0.425 22
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ntegrated luminosi

of B factories

T T T T T T T T T T
i

—KEKB  ——PEP-Il

400

200 |

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1

|6

>1ab™!
On resonance :
Y(5S): 121 b}
Y(4S): 711 !
Y(3S): 3fb!
Y(2S): 25 b "
Y(1S): 6 !

Off reson./scan:

~100 fb!

~ 550 fb™!
On resonance:
Y (4S): 433 !
Y (3S): 30 b
Y(2S): 14 !
Off resonance:
~54 fh!



SuperKEKB/Belle I

KEKB Achieved SuperKEKB
Energy (GeV) (LER/HER) 3.5/8.0 4.0/7.0 By =0.28
¢, 0.120/0.090  0.090/0.088
3, (mm) 5.9/5.9 0.27/0.41
I (A) 1.64/1.19 3.60/2.62
Luminosity (10%%cm~2s~1) 2.11 80 x40

| 2 | 3 4 5 6 | 1 | 12
SIDE VIEW

Ba deéfl Barrel Forward

Belle Ii - kwm

Super conducting coil ‘ L

A4 - {434 ddd T
2000 [ | [ ] )77 55SSIgmme e S TR
CLECL T -

cDC
PXD(2 layers;
2

b o
—— & QC§
=

AAK
I

Small[cell

E

\SVD L = ‘2
IP Chamber " |.

stat) | 600(Cryostat

CcDC

Parameters are not fixed yet e [
I 8 I 9 [ 10 1
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Pacific Northwest
NATIONAL LABORATORY

_ Accelerator Upgrade — SuperKEKB

e+ 4 GeV 3.6 A |

» 40x increase in luminosity L n\
» “Nano-beam’ interaction point P S T
» Increase in current

Belle Il

—

New IR

Ay,

o
LN

0l

; ;;ew beam pipe SuperKE KB

‘ & bellows

Ny

KEKB P
"jzzit Tum / o
\ 1ooum‘/~w =y T —— L/
5mm :
s * Add / modify RF systems
for higher beam current
SuperKEKB

Low emittance positrons

to inject n ‘
100um / i Damping ring ’ ~—— v

zJ
Low emittance gun

» First turns achieved Feb 2016! Do dsniitance e

toinject

Tum '
o Positron source

New positron target /
capture section

See: Y. Onishi, ICHEP Highlights 08 Aug 12:10

Belle Il Physics / Bryan Fulsom (PNNL) / ICHEP / 2016-08-05 3
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Pacific Northwest
NATIONAL LABORATORY

Current Status and Schedule

» Belle Il Collaboration: ~700 members, ~100 institutions, 23 countries

70¢
» Phase 1 (complete) 2 b
- 7 TS T W ... H S—— S—
B Accelerator commissioning £ E o Belle Il Goal
E  Sm w| ‘-
See: P. Lewis, Detector 05 Aug 09:20 = - ) 7))
5 40 % | % :> i
» Phase 2 (2017) B s o al
B First collisions é)'g 20f-
B Partial detector 5 10 : e
x10 : | Total BaBaI1r+BeIIe Lumlnlosny
B Background study > ¥ T __
B Physics possible S b | SuperkEXD goal
» Phase 3 (“Run 17) 5o 4
B Nominal Belle Il start E% 2t R —
— #@n
» Ultimate goa|; 50 ab1 02016 2018 2020 2022 2024
Belle Il Physics / Bryan Fulsom (PNNL) / ICHEP / 2016-08-05 | 5
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SuperKEKB Luminosity
PI‘OJeCt]On

(10310

Sohos 17172021 1/1/2023 17173075 1717202
1/1/2019

Accumulate 50ab', x50 of Belle/KEKB

Minoru TANAKA 20



Early Phase3 Physics

* Luminosity will depend on machine and detector performance
« Plausible assumption of about 10fb-1 by summer 2019

Semileptonic
-B-> nlvandp | vuntagged (CLEO saw a signal with 2.66 fb!)

Time Dependent B and D measurements

- D lifetimes (2 fb1)

- Doubly Cabibbo suppressed D® > K* i, D® - K* it t® (10 fb1)
- B lifetimes (2-10 fb)

- Time dependent B-anti B mixing (10 fb™) Verification of full Belle I
physics performance

Radiative/Electroweak Penguins
- B>K* y (b—>s) (2 fb!) rediscover penguins
-B->Xs y (b—>s) (~10 fb! but needs off-resonance data taking)

Hadronic B decays (not time dependent)

- B->K mt (b—>u) (10 fb?)

-B-> O K (b—>s) (10 fb?)

- B=>J/Y K (with more significance 2-10 fb?)

++ Dark Sector Physics
6th KEKFF K Hara Feb. 14, 2019 25
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http://www-linac.kek.jp/skekb/snapshot/ring/dailysnap-2019/
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Beam Current [A]
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v2 e
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B — mm

B — J/¢YKg

B — DK B — X v
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Belle 1l: UT global fit
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One of LHC experiments, dedicated to b physics
pp — bbX peak in forward direction

n := —In(tan(6/2))

acceptance
2<n<o

(0.8° < 0 < 16°)

LHCb MC
\'s =7 TeV

https://Ihcb.web.cern.ch/lhcb/speakersbureau/html/bb_ProductionAngles.html
Minoru TANAKA 29



M4 M>
2 M3
o Magnet SPDI/EPCSALI_ICAL = |
S T3 RICH2 —
M1
TlT2
Verte
Locator -
—5m / B
] | | N CERN-LHCC-2003-030
I S N I S I B I B N >
5m 10m 15m 20m z

large boost, good vertex resolution
BS? Ab
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o(pp = bbX,2<n<5,+/s=T7TeV)=72+03+6.8 ub
7 x 100 events/fb~*

LHCb Integrated Recorded Luminosity in pp, 2010-2018

- 2018 (6.5 TeV): 2.19 /fb :

. 2017 (854251 ToVl: 1.71 My s 010 [ 5 2018201b

«  2016(65TeVi:167/M | i e gl
2015 (6.5 TeV): 0.33 /fb

™ 2012 (4.0 TeV): 208/ i 2016 .............. 2017

. 2011 (3.5 TeV): 1.11 /fb :
2010 (3.5 TeV): 0.04 /fb

2.2F
2
1.8
1.6
1.4F
1.2F
0.8F
0.6]
0.4F

0.2F : :
:LL. — . -- ,_, wenlc - | I ' | ' ’ I ] ]
(R/Iar May Jul Sep Nov

Month of year

sinieiainsieialnie'siuioielsieialnieie'alnls /s e n 0 ini0 e nnieie L aie uinin e e e n e e N Wiuleine

........................................

8 U I U ) 1 U 0 U 0 0 U U A A 8 O A 0 8 A O 0 O Y O
[
K
v
-k
-

Integrated Recorded Luminosity (1/fb)

http://Ihcb-public.web.cern.ch/lhcb-public/Images2018/IntRecLumiR 1 2.png
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B*—J/¥ K*
T
YZ Projection
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http://Ihcb-public.web.cern.ch/lhcb-public/VWelcome_27081 | .html
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the next years (@ LHCDb

@ upgrade installation started this January 2019 to be ready at the end of Long
Shutdown 2 (LLS2)

@ restart data taking in 2021 at Run3
@ higher instantaneous luminosity = from 2X10%? cm~s! to 2X10% cm™s’!

High Lumi - LHC

—
LHCb upgrades
— ------
2012 2014 2018 19-20 2023 24-25 2029 30-31 2034

7,8 TeV 13 TeV 14 TeV

@ more visible interactions per bunch crossing = from 1 to about 5

@ upgrade detector qualified to accumulate 50 fb™! at the end of Run4,
LHCb-TDR{13,14,15,66}

@ 1.S3: consolidation of the detector
@ [.S4: to take full advantage of the High Lumi-LHC, L up to 1-2 X103* cm?s!, the

collaboration is proposing a major upgrade of the detector with the intent to collect
300 fb! at the end of Run5, CERN/LHCC 2017-003, CERN/LHCC 2018-027

e P de Simone, KEK-FF2019 !
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Some observed anomalies
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B — DY i
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iiiii

Br~0.7+1.3 % in the SM
Not rare, but two or more missing neutrinos

Data available since 2007 (Belle, BABAR, LHCDb)

Archetypal theoretical motivation ; ..,.qwowskiws. Hou.
PLB283, 427 (1992)

b > © SM: gauge coupling
W- v lepton universality
T

b —»——"— C Type-ll 2HDM (SUSY)

\ —_

I \< V Yukawa coupling
T o mym, tan® g3




iiiii

TANAKA

Ratio of branching fractions

B(B — DY ri.)
B(B — D) () t=e,p

R(D™) =

Predictable in the SM: Source of LFNU = mass

Smaller theoretical errors in the SM (and beyond)
NoVcb in the ratio MT, Z.Phys. C67,321 (1995)

Form factor uncertainty tends to cancel.
Controlled by
B — D™ ¢, experimental data, lattice QCD,

Heavy Quark Effective Theory, QCD sum rule

37



R(D(*))

2013
0.45- —Belle
0.40-
R(D*) .
0.35"
0.30-
0.25 = ——combined
0.20- . R S SM e
0.2 0.3 0.4 0.5 0.6
A AL L B By [ B B B B B B T T T
e [ HFLAV average 20 I 9 Ay” = 1.0 contours B
R(D* ) E LHCb15 E
035 -
- LHCH18 .
03 " —
0.25 f— —f
E Bellel7 7
0.2 L ‘ Spring 2019 ‘-
| . fFoo=21% .
0.2 0.5
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B(B — DY rp,)

R(D) = 0.421 £ 0.058
R(D*) = 0.337 £ 0.025

~3.50

B(B — D(*)gﬂg)

Y. Sakaki, MT, A. Tayduganov, R.Watanabe,

PRD88, 094012

R(D) = 0.340 -

(2013)

- (0.027 5

R(D*) = 0.295 -

- 0.013

~3.1 0 HFLAV

- 0.011 = 0.008



MT, R.Watanabe, arXivi212.1878, PRD87.034028(201 3).
Effective Lagrangian for b — c7v

all possible 4f operators with LH neutrinos

Lz =2V2GrVa, Yy [(6r + OO, + C, 04, + C5, O, + C5, 0%, + CrLOY|

l=e,p,T

M

(9@1 = YL T YV
0@2 = CrY"OR TL YWV L1,
(9l51 = ¢rbr TRVLI,
Ong = CrbL, TRVLI
Oy = ¢erot™by, TRO VLI
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SM-like, RPV, LQ,W’

RH current
charged Higgs Il, RPY, LQ

charged Higgs lll, LQ
LQ



Allowed at 95% CL(D, D*, J/vy) Excluded by B(B. — 7v) < 30,10 %
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Y. Sakaki, MT, A. Tayduganov, R.Watanabe
arXiv:1309.0301; PRD88, 094012 (2013)

Buchmuller, Ruckl, Wyler

Six of ten types of LQ contribute. .77 (5.,

> - 1
Si S3 V, R, U, Us; b AN C
spin 0 0 1 0 I | LQ(S1) \<
F=3B+L -2 -2 =2 0 0 0 T
SU(3). 3 3* 3 3 3 3 b -— T
SU(2), 1 3 2 2 1 3 . 5
U1)y—o-r, 1/3 /3  5/6 7/6 2/3  2/3 LQ(Rs) <
, C
l i [gi‘ég%%* ghigd | min h%ihé%*] constrained by
Vi 2 2 2 2 ’ —
2\/_GFV - 2MS}/3 2MS;/3 MU%B MU§/3 B N XSV77
Cl, =0
1 3 B ngl 823* 2h21 hkS*
Cl = Via| —282L52r  ZPILBiR | .
S avav, &V e, | disfavored
1 3 B gkl 823* h21 hk3*
Cl. = v 1ILS1R __ "™Map"9oR ’ — 1
S 2 BGV., /Zl k3_ 2M21/3 2M§2/3] 052 (mLQ) __4OT (mLQ)
oo | i v | SiLsiE h%ih’z‘%*] W RG
T 2\/§GFVCZ? =1 _ SME}B 8M12€§/3

CSQ (mb) = ::7.8C'T(mb)
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Assumlngexp SM forR( ), R(D*)
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b— slT¢™
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dI'/dg?
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b — s¢T{¢~ spectrum

29 Broad charmonium
4 )\ resonances (above the
open charm threshold)

J/w\
Photon pole I|
| &~ enhancement (from C7)

CKM suppressed
¥ light-quark resonances

Sensitivity to
/ Cg and Cl()

phasespace

Sensitive to C7—Cy

interference suppression
] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ]
0 5 10 15 20
<« increasing. hadrorilic reicoil q2 [Gev 2]
increasing dimuon mass =»
44

+ box diagram

top dominates

observed processes
B — KWt~
By — 0~
By — ptp”



B — K" (— Km){te~

AT —il( 200,05, )
dg?dcosb,dcosOx dp 32w 1576 VK

1(q%,0;,0K,0) = I sin® O + I cos® O + (I3 sin® Ok + IS cos® O ) cos 26,
+ I sin? O sin® 0 cos 20 + 14 sin 20 sin 26, cos ¢
+ I5 sin 20k sin 6, cos ¢ + (I sin® O + IS cos® O ) cos 0,
+ I7sin 20 sin 0y sin ¢ + Ig sin 20 i sin 260, sin ¢

+ Ig sin® O sin? 6, sin 20 .

S5
24/ — 59559

E. Kou et al,,"“The Belle Il Physics book™, 1808.10567.
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_ S, Sandilya, KEK-FF2019 DHMV ]
10k 4 LHCb 2015 :
T 4+ CMS 2017 :

: ATLAS 2017 _
0.5 rwme ! H+  This Measurement —
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2.50 tension NP or QCD in charm loop?
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[ dg? dl(B—K") ptp™)

dq2 ° ° 2
Ry = In various g* ranges
K [ dg? dD(B—K () ete—)
q dq2
——[LHCb —=—BaBar ——Belle
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LHCb, Phys. Rev. Lett. 113 (2014) 151601 LHCb, JHEP08(2017)055 — ~
Belle, Phys. Rev. Lett. 103 (2009) 171801 ~N
[BIP, EPJC 76 440] [CDHMV, JHEP04(2017)016]
BaBar, Phys. Rev. D 86 (2012) 032012 [EOS, PRD 95 035029] [flav.io, EPJC 77 377] [JC, PRD93 014028]

S. Sandilya, KEK-FF2019
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electron reconstruction in LHCb

Magnet ECAL

E,

. 2 2 2
tested with Jhy, ¢ =mj,, ~ 10 GeV
anomalies observed in lower gZ bins

the lowest g2 bin of Rk dominated by B — K™~
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TANAKA

Her = —2V2GrVi V5 Y CiO;

e
O7 = oL 50, Prb M Oy = O7(R — L)
Ogy = %g’yMPLbZ’}/’ug Ogrp = Ogg(L — R)
T
QY _
O10¢ = EEWPLMVM%K O10r¢ = O1O£(PL — PR)
SM+NP NP only

SM prediction
Cr %0100 = —0.29,4.07,4.31 at p = 4.8 GeV
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Capdevila et al. JHEPO1(2018)093.

| 75 observables p value of SM = 0.1 |

& Belle 10 Belle | 1 7 Bell

. CcMs g CMS | . CcMS

77 LHCb" i} LHCb -
3 1 Al 3 Ly oo 1 Al
© N4+ - \S=w>wy/ A 7 @ -z [+)) 0 - Zo» O B B A S S —
S ‘ O i @)

3 2 -1 0 1 2 3 3 -2 -1 0 1 2 3 3 -2 -1 0 1 2 3

Co, ~ —1.1 favored

possible NP: Z’, leptoquark, ...
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Summary and outlook
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SuperKEKB/ Belle Il in physics run

Integrated luminosity 50/ab by ~2027
5.5 x 101Y BB pairs

LHCDb run 3,4:2021~
50/fb by ~2029 3.5 x 10'* bb events

Precision test of CKM unitarity

Hadronic uncertainties: role of lattice QCD

Anomaliesin b — criv, b— sl i~

Related modes to be studied
b— stt77, b— svv
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