Now the main part
for the grown-ups!




C-Based B Factory:
PEP-Il and BABAR

High Energy Ring
(upgrade of existing ring)

Both Rings Housed in Current PEP Tunnel

Js=10.58 GeVv

et Q- B S o A
— Y(4S) e—™— — , v(a " Az ~ CBytg
(4s) "““~—-—_§;__£ ~ 200um
BaBar p(e )=9 Gev p(e*t)=3.1 GeVv 3y=0.56
Belle p(e )=8 GeVv p(et)=3.5 GeVv 3y=0.42

To a large degree shaped flavour physics in the previous decade
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Belle (and BaBar, too) achievements
include:

e CPV, CKM, and rare decays of B
(and B, too)

e Mixing, CP, and spectroscopy of
charm hadrons

e Quarkonium spectroscopy and

discovery of (many) exotic states,
e.g. X(3872)

e Studies of 7 and 2~
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eTe” — T(4S) as a B factory

23

' The Upsﬂon System |
EPTIE Linbo(eTe” > ¥(4S)) -
= r ~3nb o(e*e” - qq)
= i |
E ]_5-_ }IT: (qzuld)slc) _
2 10.58 GeV
T 107 J: ! Fy Y(4‘S) ‘ i
Lo 7 to -
L Y. ,F"’; + ¢ Y -
b [ ¢ by T T ;....!.....“.H-“ LR S
o TI(IE) | TI(EE) 1&(35) | | i
044 9046 10,00 10.02 ID 34 10. 3’]" ID 5-’-1 ID EE 10.62

Mass | GeV/ic )

e B(T(4S) — BB) > 96%, with p§M ~ 0.35 GeV/c

e nothing else but BB in the final state
. if we know (E, p) of one B, the other B is also constrained



(b) Semileptonic
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How to study decays with invisible particles

e (Ex) B — X,/*vy, Bt — 77v. and other exotic kinds (e.g. B — vv)
e hadronic tagging method

* full reconstruction of B,y in Y(4S) — BsigBiag
= constrain the charge, flavor, & (E,p) of B,

— resulting in very high-purity, but with low-efficiency (~ ©(0.1%) )
* need an algorithm for improved full-reconstruction of B mesons

|

/ Bsig

p(e™) +p(e”) = p(B) + p!
Br(Y(4S) - BB) > 96%




Proof of principle with B — X,,/v
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B — n/"v, (hadronic tagging)

e analysis with full data set (Nyz = 772 x 10°)
e hadronic tagging method (NeuroBayes)
e signal yield is extracted by max.-likelihood fit on M?

miss

PRD 88, 032005 (2013)

- 250
. _ | ® Data + 0 + U —_
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i s 0 2
M2 (GeVc*) M2 (GEVEJ’.::"*‘]

stat. error only for Niq
n 0L 4 Major systematic error is from the
BB"™ — 7w ¢"v,) = (0.80 £0.08 +0.04) x 10 full-recon tag efficiency,

B(BO — 7 £Tve) = (1.49 £ 0.09 £ 0.07) X 10~* checked with B — D(*) ¢+, decays
= 4.2% (4.7%) for B+ (BY)




B=>D*TvV

missing piece of B semileptonic decays

good features

- due to heavy m,, sensitive to H "
- B(B — E(*)T_I_V) > B(BT — 71v)

- access to more dynamical info. through
T polarization

but, very difficult for analysis

- multiple v’s
- large background from B — DX/ v

B— DY rtu depends on form-factor

- but, it can be deduced from

B-I—

— 1_)(*)€+V

(SM) BB—D

d d
b C
W Y

.

d d
b—»7a—>—c

my lanfftmecotfi - N

H_/'(

mtanf;

v) ~ 1.4%, B(B — Dt

v) =~ 0.7%
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B=>D*TvV

week endin
PRL 99, 191807 (2007) PHYSICAL REVIEW LETYLERS 9 NOVEMBER 2007

Observation of B’ — D*~ 7" v_Decay at Belle

A. Matyja,”’ M. Rozanska,”’ 1. Adachi,® H. Aihara,*' V. Aulchenko,' T. Aushev,'®'> S. Bahinipati,” A. M. Bakich,”’
V. Balagura,13 E. Barberio,”' 1. Bedny,1 V. Bhardwaj,3 ° U. Bitenc,'* A. Bondar,' A. Bozek,”’ M. Bracko,*""'

T Renadrinla 3T B Reauwdar IM  (hanadD (hona 20 A (han 221 B Mhan 20D 2 Chonn OD (Chictau 13T © A 40

First observed by Belle (2007)
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(B — D*~711) first observation

e full-recon tagging (4la BT — 77 v)

N/2 MeV/c?

e but a different implementation —
‘inclusive recon’

aOWwN oS
HHHEHRH

- not pay attention to any specific

35

sub-resonance, but just collect particles
to make a “B”

- use all remaining particle after selecting
candidate particles for By,

30}
25}
20}

15}

N /5 MeV/c?

10

5

e increased effic'y compared to exclusive

Il

a)

full-recon

® Mg, AE 1ag as useful variables

0 c I
5.2

5.22 5.24 5.26 5.28

M, [GeV/c?]

5.3

N/10 MeV

Ty

ok
-06 -04 -0.2 0 02 04 0.6

AEtag [GeV]

calibration: BY — D*
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D

(B — D*~7Tv) first observation &=

Background suppression

e Need to suppress huge backg’d from

B — D*ev Emis — Ebeam — ED* — Ee/w

Fimis ‘pD* T pe/’n
\/Egeam - Mé

e Useful variables Xmis =

- Xmis: similar to M2, ; most powerful
- Eyis (= ). E;) is useful, too

o
-t

a)

1 signal

o
N

1 B - D e'u

Probability / 0.5

o
-t

Probability / 125 MeV

q_;_g__h—g_& o L=

) O [GeV] 14

mis VIS



r () TNk — N o 1 _at
Background suppression
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D

0 * Y fi heervati
(RY s D*—+71)) firet ohcervation =
i combined | i+ » e, Km
Signal extraction — .
e Max. likelihood fit to Mg i1
e signal shape from MC o gt ke
e non-peaking bkgd. — weighted * e, Knn
sum of various comp’nts "
e peaking bkgd. — fixed by MC bt | /
82 bz ; ;:é;i;;”s;? 28 525 5s Zz 837 s s2e ba
M,,, [GeV/c?] M., [GeV/c?]
subchannel NMC N, N, Ny Nops €x107* B(%) %
D° - K7t 1 — ebevs 26.3727  1.277% 195725 19.472F 40 3.25 £0.11 2.447 5 5.00
D’ - K nta% 7 — ever, 50.8T2° 50725 11.97%0 431750 60 0.78 £0.07 1.6979%% 2.60
D’ - K ntr—n v, 1380130% —1.0035 29.90100 118.01750 148 1.074g 1L  2.027007 38
Combined 215T1%  6.2757 182775 248 1.17H) % 2.02+8;

—D* " 77v,) = (2.02

+-0.40
—0.37

0.37)% with 5.20 16



BY & D*¥ 1Ty

—x()
BY =D 17u

B - D T

—0
BT - D 77y

BF (%)

B - DOTv as of 2008

SM calculations

- Belle PRL (2007)

-0~ Belle preliminary

- BaBar B%/B" avg.
BaBar PRL (2008)
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(1)

BaBar (2012)

BABAR

Fvidence for an Excess of B — D)7~ .. Decays

J. P. Lees et al. (BABAR Collaboration)
Phys. Rev. Lett. 109, 101802 — Published 6 September 2012

- _—
Ph)’SICS See Synopsis: More tau leptons than expected

PHYSICAL REVIEW D 88, 072012 (2013)
Measurement of an excess of B — D"+~ _ decays and implications for charged Higgs bosons

J.P. Lees,1 V. Poireau,1 V. Tisserand,1 E. Grauges,2 A. Palano,3a’3b G. Eigen,4 B. Stugu,4 D. N. Brown,4

T T Kerth? Yin (3 Kaolomencdkv? M Tea> (3 Tuvnech? H Koch © T Qehroeder © O Heartv 7 T S Matticon /
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R(D) = 0.440 = 0.058 = 0.042,
R(D*) = 0.332 £ 0.024 = 0.018,

20



testing new physics

e New physics may show up ‘- m; > m,, me

W+(H+7) ////<

h —

21



testing new physics
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testing new physics
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(2)

B=>D*tTvV
by hadronic B-tag

PHYSICAL REVIEW D 92, 072014 (2015)

Measurement of the branching ratio of B — DYz i_ relative
to B - D¢ i, decays with hadronic tagging at Belle

M. Huschle,” T. Kuhr,” M. Heck,”® P. Goldenzweig,” A. Abdesselam,®’ I. Adachi,"'* K. Adamczyk,” H. Aihara,®’

- 1 61,29 . - 451 53 41,23 61 - 62 61,28 . 60
S. Al Said, K. Arinstein, ™ D. M. Asner,”” T. Aushey, R. Ayad,” T. Aziz, - 1. Badhrees, A. M. Bakich,
\/ Rancal 53 F Rarharin 39 \/ Rhardwurai 58 R Rhuvan 17 T Ricwral 24 A Ranhrav 4,51 A Ranzalr 48 NM Rrarln 37,24
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D

Hadronic B tagging for B — D" ty,

Belle, PRD 92, 072014 (2015)

Exploit the unique feature of the e™e~ B-factories
e"e” — T(4S) — BgigBiag

Full reconstruction of B, in hadronic B decay modes

= constrain the charge, flavor, & (E,p) of B,
— resulting in very high-purity, but with low-efficiency (~ O(0.1%) )

Signal side (Bs;g): reconstructed in D¢ (¢ = e, u) [T — ev, uvv only]

0.

* no extra tracks or 7; total charge = 0

Signal fitting in split regions

* Mz < 0.85 GeV? mostly B — DY iv (0 = e, p); fit M2,
* Mz > 0.85 GeV- B — l_)(*)T_I_VT enhanced; fit neural-net variable, oyg

Measure relative ratios R(D), R(D*)  R(D“™)=B(B — D"rv)/B(B — D" iv)

25



Events
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Hadronic B tagging for B — D"t U,

Belle, PRD 92, 072014 (2015)
1

[ W .
Belle, had.-tag results 0.9

R(D ) — 0.375 £+ 0.064 = 0.026 08l ; theor. R .
R(D*) = 0.293 = 0.038 = 0.015 07 SN,

AN
— theor. R* R NN
0.6—{ [ measured R* S S S ——

OIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

0 01 02 03 04 05 06 07 08
SM tanf/m (c*/GeV)

H

| Belle, had.-tag] consistent with 2ZHDM (11)
for 0 < tan 8/mpg+ < 0.45 GeV !



Detector

o \‘ \
~ Calorime

S §

Detec'“'t\f),\r

Width: 18 m

Length: \12m\
Height: 12m

Weiaht:

characteri

\
\
\
\ \
\
\
\
\
\
\
\
\
\
\
\

Y
Rlc)-y
49270t

Detector




week ending

PRL 115, 111803 (2015) PHYSICAL REVIEW LETTERS 11 SEPTEMBER 2015

>

Measurement of the Ratio of Branching Fractions B(B" - D**7z77,)/B(B’ — D 'u~u,)

R. Aaij ef al.”

(3) (LHCb Collaboration)
(Received 30 June 2015; published 9 September 2015; corrected 14 September 2015)

g 4000 7935 <P < 12,60 GeV/c*  LHCb 4 = 4000 '9'.3'5'<Q12'<'12'.6'0Gé\i2/é4' ~ LHCb -
c\1> - : ] 2 B _
S 3000f T 2 3000 e —
© : 1 > F :
S 2000F- 4 £ 2000F -
P - ] = N -
= - 1 B - .
< 1000 S 1000F —
5 O _ .
q 777777 —
8 ..................................... = __
= 2w = 2 =
S R R R e S T R R R TR Tt 1 =
-2 0 2 4 6 8 10 500 1000 1500 2000 2500
m2.  (GeV’/c*) E,* (MeV)
Data e g : B*,I:Il\‘;(% VX)X Combinatorial
* Misidentifi
B B — D*tv -B%D*u\/ sidentified u
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A~
3
a — BaBar, PRL109,101802(2012) Ay*=1.0
EZ 0 45 = Belle, arX1v:1507.03233

LHCb, arXiv:1506.08614

= Average

0.25 —
SM prediction

P(%?) = 55%

0.2 0.3 0.4 0.5 0.6
R(D)

It's really amazing that LHCb also was able to measure this! For details, please
come to KIAS workshop on July 18, 2017 and listen to Karim Trabelsi’s talk.
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2 Accelerators Find Particles That
May Break Known Laws of Physics

The LHC and the Belle experiment have found particle decay patterns that violate the Standard

Model of particle physics, confirming earlier observations at the BaBar facility

By Clara Moskowitz | September 9, 2015 | Véalo en espaiiol

At the smallest scales, everything in the
universe can be broken down into
fundamental morsels called particles. The
Standard Model of particle physics—the
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Democracy suffers a blow—in particle physics

Three independent B-meson experiments suggest that the charged leptons may not be so equal after all.

Steven K. Blau 17 September 2015
= (1)

PHYSICS UPDATE NEXT POST

FRVE-< N 6
Upon learning of the discovery of the muon, I. |. Rabi famously quipped, “Who ordered that?”
After all, the muon appeared to be identical to the electron except for its mass. Indeed, in the
standard model of particle physics, the charged leptons—electron, muon, and tau—interact in
the same way with the model's gauge bosons, the particles that transmit force. As a
consequence of that lepton democracy, the standard model prescribes the relative
probabilities, or branching ratios, for a heavy particle to decay into one or another of the
charged leptons plus other particles in common. Three years ago the BaBar collaboration at
SLAC measured the branching ratios for B-meson decay to produce either a muon or a tau.
For two slightly different decays, they found 20 or greater deviations from the democratic
standard-model expectation. Now the LHCDb collaboration at CERN has confirmed the BaBar
result for one of the decays. In a preprint, the Belle group at KEK in Japan has also announced
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(4)

B=>D*Tyv

by semileptonic B-tag

PHYSICAL REVIEW D 94, 072007 (2016)

Measurement of the branching ratio of B’ — D**t7i_ relative
to B - D*"¢7, decays with a semileptonic tagging method

Y. Sat(),45’14 T. Iijima,45’44 K. Adamczyk,so H. Aihara,74 D. M. Asner,56 H. Atmacan,40 T. AusheV,43 R. Ayad,67 T. Aziz,68

V. Rahit 8 T Dadherooc 0728 A A Ralich 0 37 DRancal 20 D Rahora 20 37 RDhardare: 17 R Riaroa A 19 T Dicaral 24
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Tagging techniques

Purity \
\ Efficiency
Inclusive Semileptonic Hadronic
B — anything B — D™y, B — hadrons
e ~ O2%) e ~ 0(0.2%) e ~ 0(0.1%)
e

super clean
w/ info. on p¥(Bsig)
very low statistics

very high statistics
very large background
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R(D*) SL-tag — Results

2D fit to NN and EEC’L3

// \
—h B

| I:’_1%<3r|n.-(::nhanced region Signal-enhanced region
----------------- | UL S e S S e m e UL S S o e S o

— - B signal I S < (0.8 >

% 10° } 'Normalization 1 1 8 600 NIN ] 8 60 -
o Bl e—D" v i - y

8 102 7 | Others ' QS o

S ! +. B Fake D" © 400 S 40

S Mot 4 44t P >

~ 10 c 200 c 20

% | @ @

3 it D

>

w10 -0.5 0.0 0.5 1.0 8.0 02 04 06 08 10 1.2 8.0 02 04 06 08 10 1.2

NN Ego [GeV] Ego [GeV]

2 2

2|pB| - |PD~e

NN > (Mzmiss, EVi59 COSBB-Dl)’ COS HB_D*K —

1 €norm Nsig
R(D™) = > — 1.28 0.015
D) = 3B = Cvamy) exp Moo rom/Ssi = 128920015

R(D*) — 0.302 T 0.030 1T 0.011 (13.80’)
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Events/ (0.1 GeV/c)

R(D*) SL-tag — compared with SM

v2/ndf = 20.3/19, p = 37.6 % v2/ndf=21.4/18, p = 25.8 %
30 30
" 4 measured o |
" M expected EJ j
20— — 20
_ o’ _
: ~ |
i 2|
-
10 _ v 10 _
L _
0 0
_ _+_ _
I SN T T T NN S T NN TN AN SN S SN NN N SN S N I TR S T N TN SN TR TN NN TN T SN S N SO SO
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
P+ [GeV/c] P [GeV/c]

for sighal-enhanced region: NN > 0.8, EgcL. < 0.5

D

<O

BELLE
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Testing NP models

Charged Higgs V

Events / (0.1 GeV/c)

Events/ (0.1 GeV/c)
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Testing NP models

2HDM(II)

Charged Higgs V.| e scan for tan B/mu € [0,1] and re-measure
R(D*)

1 '« best match with data at tan B/mu = 0.7
GeV!

LQ-R2

e Choose R» type leptoquark model” as a

Leptoquark(LQ) ,V benchmark
T e scan for Cr (for tensor op.)

c[-0.15,+0.40] and re-measure R(D*)
C 4 e best match for Cr = -0.03 and +0.36
) e Cr = +0.36 doesn’t fit pp+ (p = 1.4%),
D o
f hence is disfavored

7
i
%

# Dorsner et al., JHEP 11, 084 (2013)
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R(D*) Comparison

SM prediction
PRD 85, 094025 g!ﬂ‘|2)
0.252 + 0.00
BABAR, had.-tag. [426 fb™
0.332 + 0.024 +0.018 —— PRL 109, 1018 2[{201 2) ]
+0.039 Belle, had.-tag [711 fb’
0.293 ) ,;; £0.015 —— PRD 92, 07201 (2015;]
LHCb, © - pn v v [3.0 fb]
.336 +0.027 +0. — ’
0.336 + 0.027 +0.030 PRL 115, 111803 (2015)
Belle, semi-lept.-tag [711 fb™
0.302 + 0.030 + 0.011 —e— ! This ,,a.,,gig ]
e O SE— —
2519 = g
0.1 0.2 0.3 0.4 0.5 0.6

R(D*)
more precise than Belle (had.-tag) and LHCb
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(3)

B=>D*Tyv

polarization of T

week ending

PRL 118, 211801 (2017) PHYSICAL REVIEW LETTERS 26 MAY 2017

Measurement of the 7 Lepton Polarization and R(D*) in the Decay B — D*t~ 7,

S. Hir()se,47 T. Iijima,48’47 I. Adachi,m’11 K. Adamczyk,53 H. Aihara,74 S. Al Said,67’31 D. M. Asner,57 H. Atmacan,43
V Anlchenkn 4,56 T Anchev 46 R Avad 67 V Rahn 68 T Radhreec 67,30 A M Rakich 66 V Rancqal 57 F Rarherin 42
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R(D*) & P, w/ 2-body 7 decays (had. B-tag)

N
1
—
N
1
-

: P.(D*) is modified

Two hadronic 7 modes for P,
7~ —wm vand p (— 7 7))
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M. Tanaka and R.WVatanabe, Phys. Rev. D 87,034028 (201 3)

0.8. ' ; i ' i E E ' | SM + Scalarl,2
L L 0.0 SM + Vectorl
0 6: SM + Vector2
k _ SM + Tensor
Fo" | N 02|
0.4! é
: T 04
0.2!
| ~0.6!
0'8;0' i 03 o '6l4‘ s 05 5 05 :()'.3:' Y 5.s
R(D*) R(D")
« (D7)
FP = :
T (D) + (D) b _ T =+41/2) T\ = —1/2)
T T\ =4+1/2)+T(Ar = —1/2)

FP": fraction of longitudinal polarization of D*
SM: FP” = 0.46 — 0.53 SM: P(D*) ~ 0.5



1 dr
[" dcosOy, g

/ { 1 fort” -»m v,
~ (~0.45 fort™ > pv,

1
= > (14 aP.(D")cosByer)

W rest frame

T rest frame

2E;Eq—m2—m5

«— C0SO..; =
Pa\__ 0., wd 2pellpal

By the Lorentz transformation,

) —)"L’ _ -

oy IPalcosbher = —BYEq +YIpalcosteq
! ! !

m’% o mczl ‘ﬁr‘ ET

Q
/1\
I <| \
\\.,] /1

m? m, m;

measure cos 0.-; = obtain cos 6},



D

R(D*) & P, w/ 2-body 7 decays (had. B-tag) s

2 ‘S?md&a‘“ems ";'H".“; O‘F EE.CL (?u 8 SML-SQMF’QS)
[B° B I® [TV, pV I® (Frwnd , Backwmad ] in cos by,

COSOpe < 0 c0SOpe; > 0

: B-> D**|y, and
M signal Bl Hadronic B
/ |tcross feed ||| Fake D* and q§ 0 02 04 06 08 1 12 14 02 04 06 08 1 12 1.4

EccL (GeV) Ece, (GeV)

Dominant Bkgd. from hadronic B decays (e.g. B — D*(nw)) is calibrated by

requiring additional particles and reconstructing these modes
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D

R(D*) & P, w/ 2-body 7 decays (had. B-tag) s

2 (S?MUJEGMQW} (f‘H’fw} OF EE.CL (?u ] SuL-SAMr'QL)
[B° B I® [TV, pV I® (Frwnd , Backwmad ] in cos by,

C0SOhe < 0 coSBpe; > 0
B - D*t™ v,

-04-03-02-01 0 010203 04

V.. (GeV/c?) |
B-> D**1v, and ~
M signal M Fooronic 5 R
//A tcross feed . Fake D" and q4 % 02 04 06 08 1 1.2 (1;.4 % 02 04 06 08 1 é.z ( G1.4V)
(GeV) e
B->D*Iv; -4 Data - -

Dominant Bkgd. from hadronic B decays (e.g. B — D*(nw)) is calibrated by

requiring additional particles and reconstructing these modes
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D

R(D*) & P, w/ 2-body 7 decays (had. B-tag) s

BELLE

N

<1000

Event/ (0.05 GeV)

: i l Signal events 4« BB DTV
80E D T
60 : o +had. B
50 B Fake D™ etc.
40 @® Data
30 400

20
10|

% 02 04 06 08 1 12 14
E-., (GeV)

200

| O

1 0 1
cosb,

e 7.10 including systematic

R(D*) = 0.270 + 0.035(stat.) 5058 (syst.) ~ uncertainty

e consistent with SM and other
measurements

P.(D*) = —0.38 + 0.51(stat.) ¥4 (syst.)

e First measurement of P;

SM by M. Tanaka \& R. Watanabe,
P = —0.497 £ 0.014 PRD 87, 034028 (2013)}
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BELLE

R(D*) & P, w/ 2-body 7 decays (had. B-tag)

o 1 W.A. not incl.
e i this result
o -
0.5 This result
- (68% C.L.)
0~
~0.5F
02 "0.35

R(D¥) 50



P

= BaBar, PRL109,101802(2012

Q Belle. PRD92,072014(2£)15) ) Ax” = 1.0 contours

~ 0.45 LHCb, PRL115,111803(2015) ( , SM Predictions
Belle, PRD94.072007(2016) R(D)=0.300(8) HPQCD (2015)
Belle, arXiv:1612.00529 R(D)=0.299(11) FNAL/MILC (2015)

" HO [
0.4 R(D*)=0.252(3) S. Fajfer et al. (2012) \‘“CP

0.2 0.3 0.4 0.5 0.6
R(D)
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Q]
Q]

(g) EM penguin

Angular analysis
of B= K*'I'I

PRL 118, 111801 (2017)

- . ’\‘J



Why electro-weak penguin?

(P

2 FCNC that occurs only at loop level in the SM

+
- ¢ A /
W+ -
b t,C, u Ky b ﬁé, u W S
0 o

B’ K0 B K0
d d d d

> >

Particles of new physics may enter the loop and affect the measured
results
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NP mass scale

M, [TeV]
~y
S
(\®)

~
S

I~

Energy vs. Intensity Frontiers

_ SuperKEKB

W
“\‘\“ LH C
o
\
o Tevatron

1 10 10°

(2np/)
favor-violating coupling

¢ Intensity Frontier is
complementary to the Energy
Frontier

e If LHC finds NP

* precision flavor input is essential to
further clarify those discoveries

e Even if no new NP is found

* high-statistics flavor sector
measurements (on b, ¢, and ) can
provide beyond-TeV-scale probe for
NP
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Belle’s legacy on EWP

First observation of B — K{* ¢~ PRL 88, 021801 (2002)
First observation of B — K*¢/1 /¢~ PRL 91, 261601 (2003)
First observation of B — X /¢~ PRL 90, 021801 (2003)
First measurement of Agpg of B — K*/T ¢~ PRL 96, 251801 (2006)

First observations of several radiative modes, ¢K~, K7, etc.
First observation of B — (p,w)~y PRL 96, 221601 (2006)

Most precise measurement of B — X~
covering the widest E, range PRL 103, 241801 (2009)

and many more published results
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Hints of anomaly in B — K*/"¢/~ (LHCDb)

_ B(BT = K )
-~ B(Bt — Ktee)
Ps-anomaly by LHCb Measuerements — 3.40

Rk

by LHCb — 2.60

(SM) Descotes-Genon, Hofer, Matias, Virto, [JHEP12(2014)125]
) l

Q.
LHCb S
0.5 ‘ preliminary P5’ — 0
e | SM from DHMV \/FL(1 — F1)
0
‘ Once again, for details of the

0.5 +
jt w— LHCDb results, please come to
| KIAS workshop on July 18,2017

1 ] | 1 1
0 5 10 15 and listen to Karim Trabelsi’s talk.
g2 [GeV?Y/ Y]
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sk

> LHCb tested Lepton Universality using B*—K*ll decays and observed a
tension with the SM at 2.6

Rk =

B(BtT— Ktutu™) / B(Bt— Ktete™)
B(B™— K*JW (= pu™))/ B

-o-LHCb —wm-BaBar —a—Belle

PRLI13 (20147 151601 15 20
 PRL 113 (2014) 151601 5 2/ 4
- PRD 86 (2012) 032012 q-1GeV7/c

« PRL 103 (2009) 171801

> Consistent with observed BR(B*—K*upu) if NP does not couple to electrons
> Observation of LFU violations would be a clear sign of NP

Simone Bifani CERN Seminar 8



B SM from CDHMV
SM from EOS

¥V SM from flav.io

¢ SM from JC

LHCb Preliminary

0.0
0 O 10 15 20

* PRD 86 (2012) 032012 e [G6V2/64]
« PRL 103 (2009) 171801

> The compatibility of the result in the low-g> with respect to the SM
prediction(s) is of 2.2-2.4 standard deviations

> The compatibility of the result in the central-g> with respect to the SM
prediction(s) is of 2.4-2.5 standard deviations

Simone Bifani CERN Seminar 33



B — K*("{~ - basic features
B ~ 10~/ — expect O(100) events from Belle

3 irreducible background from J /v and 1)’ — some g regions are vetoed
For robust fitting,
= employ ‘folding’ method developed by LHCb [PRL 111, 191801 (2013)]

The decay is completely described by 6y, 0k, ¢ and ¢* = M7, ,_.
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Events / ( 0.003 GeV/c?)

Pull

B — K*/7¢~ - signal yields

- S i
B Q |
70—_ J > B
- ] 8 100—
60 ™ i
- S 80
50 o -
40 — P 60—
-E' -
30 e > |
LLI 40
20
20
10
oo oo
oF 2
0FF1F gt e £ O
_22_ | | | _22_ | | + |
5.22 5.24 5.26 5.28 5.2 5.24 5.26 5.28
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B — K*/7¢~ — angular analysis

1 4T ) _3(1 Fp)sin® O + F, cos” 0
=— |=(1— in
dI'/dg? dcos 0y dcos Ok d¢ dg? 327 | 4 ikl A "
1
+ — (1—FL)Sm 01 cos 20,
4 L s

— FL cos® O cos 20, + S5 sin? O sin® 6, cos 20
+ 54 sin 20 i sin 26, cos ¢ + Sk sin 20 i sin 6, cos ¢

+ S sin® O cos By + S~ sin 20k sin 6, sSin @

+ Sg sin 20 g sin 20, sin ¢ + Sg sin? Oy sin® 6, sin 20

P! — Sj =4,5,7,8 considered to be largely free from
1=4,95,6,8 \/ F; (1 _ FL) form-factor uncertainties

Extract transverse polarization asymmetry Aé? ) — 253 / (1 — F L)
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B — K*/7¢~ — angular analysis

e not enough statistics to perform full 8-dim fit for angular analysis

e reduce the # of fit parameters (hence improve fit convergence) by
‘folding’ technique a la LHCb

e For example,

¢ — —¢ for ¢ <0 : ()
Pzias41 ¢%7T—gb Z?Or9g>7r/2 P5/,S5; {¢ 7 ¢ Or¢<

Oy — m—0p for 6, > /2, O — m—0p for Oy > m/2

e Each of these foldings cause all the other S;’s (except for S3) to vanish
= #(fit parameters) is reduced: 8 — 3
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B — K*/7¢~ - fit procedure

e Signal and background fractions are determined from fits to Mj,

e Background shapes for angular distributions are estimated by
M. < 5.27 GeV/c? (“side-band”)

* (Note) Angular observables are uncorrelated with M;,. for background.

e Angular observables are obtained by 3D unbinned max. likelihood fit,
in four bins of g*
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Events/ (0.10rad )

Pull

Events/(0.10rad)
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Fit projections for P
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15—

-0.5 :
~1.0

—151L

Result for P:

1.0

0.5 _'

SM fro

i 11

I I I

m DHMV

All Modes
Electron Modes
Muon Modes

/LQCD -

20

| o compatible with both SM and

LHCD

| o 2.60 In u mode

1.30 in e mode

tension from SM is in the same
direction as in LHCb
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| = : |
-0.5 - T 4> .“ -1 N
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What’s next? Lummos:ty Upgrade.

36

SuperKEKB
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SuperKEKB & Belle i

e+ 4 GeV 3.6 A

le- 7 GeV 2.6 A

Belle Il

New IR

/ -
/New beam pipe SuperKE KB

. &bellows
‘ N
Low emittance positrons |&
D .

to inject ” —
\ YV &

Low emittance gun

.\’ -

Add / modify RF systems
for higher beam current

Positron source

Damping rin
ping ring New positron target /

capture section

Low emittance electrons
to inject

_ 7 GeV 4 GeV _|_

€ > (X)) < €

Loeak = 8 x 10 em ™45+

goal

L dt =50 ab™ !
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Challenges & responses for Belle Il

Exptal 2
Eher 8.00 Eler 3.30

BELLE Trgil O DatVer 1 NaqID 21 EField 1.50 DspVer 7.50
Ptat{ch) 00 Elot(gm) O045N0-M DCDE-M 2KLW-M [

Severe beam background
® due to X40 increase in Lpeak

¢ fine segmentation and fast readout = reduce |
occupancy

® replace detector components

Someb |g chan g esS B ; LLE Izt Ttrnas
e vertex: SVD (4 layers) = PXD (2) + SVD (4) |
® hadron identification: binary Cherenkov = iTOP

(“imaging Time-of-Propagation”) R R |

i
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SVD: 4 DSSD lyrs = 2 DEPFET lyrs + 4 DSSD lyrs | KLM
CDC: small cell, long lever arm -
KM
ACC+TOF = TOP+A-RICH - In colours: new
ECL: waveform sampling (+pure Csl for endcaps) . components
KLM: RPC = Scintillator +MPPC (endcaps, barrel inner 2 lyrs) |




SVD

4 layers of DSSD Vertexing for Belle Il

- r=3.8, 8.0, 11.5, 14.0 (cm)
« L=60cm

llI!lllllllllllllllllll!ll
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[ —— [ - [ —— -

[ - eesceepes ceecwp cecmecmene seapan
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PXD (pixel detector)
» 2 layers of DEPFET
« r=1.4,2.2 (cm)

» L=12cm



hadron ID for Belle Il

y iITOP module

. Quartz radiator_~_4——""
~ Linear-array type z X =X/

rhoton detector

-
-------
_____
.....
______
-
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512 Hamamatsu 4 x 4 o Quartz radiator
MCP-PMT

A o w w W data e
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2
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Challenges & responses: ECL

-

barrel




Challenges & responses: ECL

D ECL is essential for y and e* detection

® hence indispensable for T LFV ( 7F= — eT~, (=/T gtc.)

» Belle ECL
® CsI(T]) crystals with PIN photodiode

D Belle Il ECL

® upgrade is needed due to higher rates & radiation load

e waveform sampling in new readout electronics

- timing resolution < 4.5 ns in cosmic-ray test of barrel ECL

e use of pure-Csl for endcap crystals being considered
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Belle Il ECL with background

E,.c (>0.0001 GeV) Barrel
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oE/E %

Belle Il ECL performances (TB)

"CsI(T]) TB results

Pure Csl TB results
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Challenges & responses: KLM

barrel
KLM




Challenges & responses: KLM

2 KLM is essential for u* detection

® hence indispensable for T LFV (7= — y=~, ¢=¢7 &tc.)

) Belle KLM

® alternating layers of iron plates (partly for flux return) and RPC

2 Belle Il KLM
® Belle’s RPC system cannot handle high background rates

e a]l RPC’s in endcaps and 2 innermost barrel layers are replaced with
scintillators

® readout electronic under production (will be ready by summer 2017)
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Scintillator-KLM (Belle II)
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Belle Il milestones

Phase 1 (Feb. 2016): beam commissioning + beam background
measurements

v circulate beams; no collision
v BEAST II (in place of Belle II) as a commissioning detector

Recent highlights

v/ Final Quads installed in Feb. 2017
v Belle II roll-in on Apr. 11, 2017

Phase 2 (Dec. 2017): Detector in place without SVD + PXD

v. Dark-sector search can start!

Phase 3 (Nov. 2018): Start physics run with full Belle II detector
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SuperKEKB luminosity projection
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- Target of Belle II/SuperKEKB
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1 have no idea
what ERFCI Stands
for.. S it o
Satellite or & metric?

T swould calculate
the ¥ value’

30 stides in 10
muutes... LS that

Hrmmmmm...

really need to
make a dentist

appountment.
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