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The B-factory idea

® Electron-positron collisions
Ecm = My 4s)
* T(4s) — BB, quantum-entangled

® Asymetric beam energies
® Bdecay time distributions via
Az ~ 200um
® precision studies of B meson
mixing, mixing induced CPV,
quantum decoherence, ...
® Target plan 55 billion B meson pairs
decays recorded

® Sensitivity in B, charm and 7 to

0O(10%) — O(10~ ") branching fractions

Y([4s]

Light quark qg ~2.1
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Electron-positron collisions

Ecm = My s)

The B-factory idea

-

Yur
T(4s) — BB, quantum-entangled o
. . 5 [ v } A A R
Asymetric beam energies ﬁ%"\< ; ] . Right handed current in b->sy
® Bdecay time distributions via a
Az =~ 200um New CPV phase in b->sqq . 4 e
® precision studies of B meson >v«w
mixing, mixing induced CPV, y AN,

quantum decoherence, ... b ¢ e
W/H 7 ere oA A X

Target plan 55 billion B meson pairs

decays recorded

+ A'..dark photon
R(D).R(D*)in B>D(*)v * X ..darkmatter

Sensitivity in B, charm and 7 to
0O(10~%) — O(10~ ") branching fractions
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Belle Il motivations

® The original B factory experiments Belle
and BaBar confirmed the

T T T
8 A CKM
g : * AM x u
5 '
7 sin2g, wvon 2, <0

Py /251 FYURE NTRUNTUTY AUTY SVUTY IO

Kobayashi-Maskawa Mechanism o 7 ¢
* Asingle, irreducible, complex CKM phase o2 & :
! NP 2 Voo
can explain all observation in the quark o1
flavor physics o0 EESen, . || iy
e proven part of Standard Model B = = Bt p b = * ‘
* Belle Il will look for deviation from the 51 DT TagflamT T e
picture to provide evidence of BSM o g ; o, JR—
physics os £-3 sin2g, Belle Il 50ab* . =
o8 : N
® Several tentions gives roomto O ~ 10% = i N
03 . 2 -
deviation from SM N ’, E
s LFVU . Ve E
® CPVin D’s (LHCb) measurements ) ; o 3
4]
The Belle Il physics scope extends far beyond B physics and CPV. Charm, 7, precision
EW, Quarkonium physics, dark sector searches etc.
The Belle Il Physics Book, ArXiv:1808.10567, 689 pages
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SuperKEKB and Belle Il

Mt. Tsukuba (877m)

"X, KEK
Tsukuba
Campus
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The geography of the international Belle Il

collaboration

Belle Il has grown substantially in recent years

® Over 900 colaborators from 26 countries,
® there are =~ 250 graduate students in the collaboration
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The geography of the international Belle Il
collaboration

Belle Il has grown substantially in recent years

® Qver 900 colaborators from 26 countries,
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SuperKEKB: the nano beam scheme

Beam current

Beam-beam parameter
o,
L=t 1422
2er, o

(‘+/
S R,
5

G: beam size \

DR for LER

and RF gun B function
KEKB SuperKEKB .
units
LER HER LER HER

Beam energy Eb 3.5 8 4 7.007 GeV
Beam crossing angle| ¢ 22 83 mrad

B function @ IP | Bx/By 1200/5.9 32/0.27 | 25/0.30 | mm X20

Beam current b | 164 | 1.19 3.6 2.6 A X2
Luminosity L 2.1 x 10% 8 x 103 cm2s X 40
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Belle Il detector

* The Belle Il detector has better resolution, PID and capability to cope with higher background
= . K. and muon detector (KLM): ’

Resistive Plate Counters (RPC) (outer barrel)
Scintillator + WLSF + MPPC (endcaps, inner barrel)

‘( Electromagnetic calorimeter (ECL):
L Csl(Tl) crystals, waveform sampling

\
76/8‘;?'::;
el

Trigger:

Hardware: < 30 kHz
Software: < 10 kHz

Vertex detectors (VXD):
2 layer DEPFET pixel detectors (PXD)
4 layer double-sided silicon strip detectors (SVD)

Particle Identification (PID):
Time-Of-Propagation counter (TOP) (barrel)
Aerogel Ring-Imaging Cherenkov Counter (ARICH) (FWD)

Central drift chamber (CDC):
He(50%):C.Hs (50%), small cells,
fast electronics
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SuperKEKB: commisioning

Calendar year 2016 2017 2018 2019

Japan FY JFY2016 JFY2017 JFY2018 JFY2019
Summer shutdow: Summer shutdow Power saving Summer shutdow,
(power saving) (power saving) after mid July 2018 (Power saving)

MR renovation

installation of QCS and Belle Il

for phase 2, including
HER start
LER star

:

i
I i
\VXD installation
A
|
i
i
i
i
i
i

Assumes phase 3 operation
9 months/year

/

I I I I

I [

® Phase 1 : Beam operation without final

focus magnets and Belle Il
® Phase 2( ended on July 20

® No final vertex detector but one ladder/layer

with background sensors

Final goal: 40x KEKB luminosity

Int. lumi = 50 ab™*

Peak lumi = 8x10% Hz/cm?

3
2,
T

o

M=

18):

o

Reach KEKB

®  Achieved Luminosity of 5.5 x 1033cm~—2s

® recorded integrated luminosity of 500pb_1

—1

peak lumi

i

® Phase 3: 2019 - detector with silicon
vertex detector, ~ 9 months of operation
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Peak Luminosity [cm2s!

2}

2019
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20~
iy
10
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flavor physics
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Phase 2 pilot run in 2018

Pilot run with limited vertexing
— Background monitor detectors
replacing most of the silicon tracker
— One full octant of PXD+SVD
(2 + 4 layers)
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SuperKEKB: phase 2

"Detuned optics" .
_etuned opfies The smallest B* in the world !
T T T =
vacuum _5
scrubbing E

By =3 mm

PP L LY PO O PO OV Y P9 5 PO 0 . 9

By =3 mm

1 1 Il 1
an Ism 6/1 71
ﬁy* <o, 2018
First collision
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SuperKEKB: phase 2

_ 8eeE— Max. lher = 800 mA '
<E 609;—
= 400;—
= 200 W =
3: 1 [l L I
_ 80OF— Max. ILer = 860 mA
T soof— '_Lri“ﬂ-l
P 400F— I
= 200F— W
» oF L | | |
X102 BE- Lpoak = 5.55 x 1033 cmr2s-!
R = -I_
o 3E-
5 2B L]
s
- 0 1 I P s L 1
4/1 5/1 6/1 7/1
2018 2018
.‘;- gE . ‘_l‘l—u_lﬁ ,@; =3 mm
1 1 1 1
41 I5/1 6/1 71
2018

*<g, 2018
First collision By <o
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Entries / [0.01 cm]
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Beam
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Phase 2: Interaction region size

T T

Belle Il 2018 (preliminary)
I Median=—0.015cm "‘i

I 065 =0.055cm : ! .
L]
- ¢ ¥ .
¢+ 14 Runs 1869-2047
b . , E
- 8 L .
. L

| JLdt=24pp=t = ]
L daat® ! b ey i
-0.4 -0.2 0.0 0.2 0.4

2 [cm]

spot ~ 10 times smaller than KEKB
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Phase 2:

tracking performance

Ks — ntm~ A= pr
% 6000 ' ' 3 1200 ! ! ! =
2 E 18 I '
§ E — Data 18 J. L=239pb
o 5000 ) 1 < 1000 Bellell 2018
s — Rt 13 F Preliminary
2 4000— - § soof q
i - +ona
&
3000 1 = (497.159 +0.013) MeV/c* oo Mipg = 1115 GeV ]
£ o = (3.462 + 0.075) MeV/c?> |
2000 400 B
Belle Il 2018 (preliminary)
1000/~ = 200 -
0 L L C
0.48 0.49 05 051 1105 141 1415 142 1125 i
m(x'n) (GeV/c?) M, [GeV/c?)
J/p —ete JIy —>u'u
< T T T . : e & 60T e
2 80 4, = 30001£00012 4 S muoniD>0.001 Belle Il 2018
S 0F Bellen E 3 Preliminary
& 2018 preliminary nbkg = 893 £ 32 E =
3 60 E ]
S _ 5 nsig = 198 + 19 E| S
S o Jmeuz;m i 3
£ £ 39
& 49 I}
30, 20
20,
6 10
\
2% 33 34
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Moo (Gevic?
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Phase 2: Calorymetry

ete” —putpy

1.00 GeV < p(recoil) < 8.00 GeV
T T

T
0.15 |- MELMC .
v - —+ Data 1
photon [ ]
L Belle Il J
0.10F - ]
- 2018 (Preliminary) J
[ [Ldt=261pb" ]
0.05 -f -1
0.00 Ex=eec :

0.6 0.8 1.0 1.2
E(ECL) / p(recoil)
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Phase 2: PID perfomance

No kaons |dent|f|ed

¢— KK~

- m Both kaons identified
F T T T T T
E mo E ]
o SOF mPDG =1.020 GeV 0’0‘*”""” - o 25F  Combined PID a— E
© E 1 © ¢ elle 1
S s0F PO 3 S _f mpg=1020Gev Preliminary
8 E - E 8 2F i .
= - E £ 13
o 4 et Belle 12018 § & .. I Ldt=356pb" ]
o - bt o 15
S - Preliminary 4 oS E 3
o N[ q < E g ]
& E Ldt=356pb] & 1f - -
a E E E > .
g 2F EI-I: woe” Sreveented
E E - g -
(IT E 3 w 0.5 _.._._NM ]
F L | | ! | E E 1 1 | 1 1 1
8_99 1 1.01 1.02 1.03 1.04 1.05 &.99 1 1.01 1.02 1.03 1.04 1.05
M, (GeV/c?) M,,(GeV/c?)
TOP + dE/dx from the drift chamber
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Phase 2: Charm rediscovery

G 120 T T T G 160 T E
3 E + D DKy E E 140 + 0 DK E|
E + + Belle Il 2018 (preliminary) E g 120/ + Belle Il 2018 (preliminary)
2 Lt =250 pb” B g 1007 + IL"':ZS" po
& E 8 80
w E + 3 £ e }
40[- + fin} E + El
20 3 o oy
£ + 20f +
eeastets Foott haad e J E - b e e e vean E|
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P T G AM (GeV/c)
< 200 { 0o K e 3 t 0 DK |
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o 160 Jra-zs0p° g 250 =
o 140 # t=250p S + ILdA-ZSpr' E|
£ 120 % 200 E
E 1 } 2 " 3
a 100 Hh = 150 E
& + it + “ 100 * + E
60 Ht + + RS 3
4 +1 4 " s, . El
;g -+ ALt e ey A 50 Lt s u»’g“m,’rg
S |
£75 8 185 9 95 2 0.14 0.145 0.15 0.155 0.16
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3 120 + 0o KR 3 %0 t 0" Owwm
= 100 + Bello lf 2018 (proliminary) — = 140 + Belle Il 2018 (preliminary) —
= <
W _[Lac:e&npu' s 120 Jlm-zsopo‘
& 8 1 S 1000 }
& eo- £ 80
40 El & 6o t o+
E j El 40 PO
20— - E + gy El
R aharatar il ‘.*ﬁw.“*,r,gmg 20 o et et
L7 8 1.85 19 195 2 0.14 0.145 0.15 0.155 016
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Phase 2: 7 rediscovery

T — 37 v Mass T — 3 1t v Pseudo-Mass
1000 F 7 600 E
Belle Il 2018 (Preliminary) —— Data Belle II 2018 (Preliminary) —— Data
- —— MC ] - E = MC total (stat ® )
800 fL‘" =291 pb” 4 R 500 de« =291 pb" fs 9
T 3a'v - T 3x*v
o 6001 T,y — Other =) GE)“’O' T, = Other 1
5 @ & a0l @ E
O 400 other ] other
m, = (1776.4 = 4.8) MeV/c? 200 E
200 - ] 100 |- ]
0 0
T T
Q s ! J ! ’-Hﬂ ! Q 1s |
S = 1
= | s
IS s 1] DN S |
0 05 1 5 2 25 3 35 0 05 1 15 2 25 3 3
M, [GeV] [ Mie+ A Epum = EscNEse = Ps)
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Phase 2: Belle Il first B event(s)

most likely ete~ — T(4s) — BB

Andrzej Bozek IFJ PAN, Krakéw

D

Belle IT

Super
KEKB
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Phase 2: Belle Il first B event(s)

Hadronic decays reconstructions

)

Belle Il 2018 (preliminary) Belle Il 2018

Praliminary

E P SASAS LNALNARSA LAASNAREE RARAS ERARS LEAMN AR s o
B3 ae ol JK =] F Event Shape Distribution
° 56000~
= 850" (K, K3, Kar'pe = r (Fox-Wolfram R2)
120 8%50"(Kx, Kan, Kai'ht o) r
3 0" Ko 8000l
2 I L
£100 870Ky E
& K L
w .
80 F

f Ldt =472pb”
ILdl =16pb’

L e

sl b b b a b Laay

40
20

o
82 521 522 523 524 525 526 527 528 529 0 010203 04 05 08 07 08 09 1

M, (GeV/c)

Mpe = E§ 2

eam
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Phase 2: Belle Il first B event(s)

Semileptonic decays reconstruction

¢ e
: | Wous £ | Wows
g 14 Me:s0ct w14 Mls:40ce
0:308'8 0:308'8
12 0+20 take B 12 0:20take B
I 29 + 6.0 s5ignal 8° B 25 + 6.0 sgnal 8°
10 = 42 daia events 10 = 42 data events
Ll 8
6 6
4 4
2 2
o 0L
- 3 2 1 0 1 2 3 4 5 - 3 2 0 1 H 3 “ 5
086y, m, [GeV)
cms pems m2_ M2
beam ™ p(x) 4 B p(*) ¢

COSGB D g = 5 pCms . poms
’ B " p(*)e
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Phase 2: Belle Il first B event(s)

Hadronic tagging performances Full reconstruction

hadronic B* tag

Belle Il preliminary /mp — 05

Prer > 0.2
Np: =389+ 43

5245 525 5255 526 5265 527 5275 528 5.285
T T

hadronic B°/B" tag
T T T T T T T T T 160
120~ o 3 F
% - Belle Il preliminary /mu =05 ] % e
O] F ] [O] =
3 "o 4 oaa Prgr > 0.2 - S 1ok + Data
c s W s Npo/go = 182:£24 = s E W soa
B [ [ swckgowa 1 B 0 [ swckgoum
3 ~ . 2 gl
e % 1 = F
el E ] Q9 6ol
~ 40 — ~ E
g | i
Q20 3 Q gt
o - ir] E
524 5245 525 5255 526 5265 527 5275 528 5285 5.24
i T T e e T e L T
3 e :
Qa2 f L L s \ L R . L a . i

my, [GeV/c?]

My, [GeV/c?]

e reconstruct B% and B+ in more then 1000 modes (tag side B)

® essenTial for reconstruction of events with missing energy
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Phase 3 operation

Collision data taking with full coverage Belle ||
Started in March 2019

Beam background remediation is the current focus.

Continugus injection

o SEAHER)

Collisions with
of- continuous
; |n|eqt|on

- x/////*/] — (s yx/'vv\/g

03 1 15 18" 2" o'o"
A

y

s/272019

+ Operation had to stop between April 3rd and 22nd due to a fire accident in one
of the test facilities at KEK. Not related to SuperKEKB or Belle II!
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Phase 3 operation

« Belle Il aims to collect

+ July 2019 : ~10 fb-1

* Performance Studies:

Semileptonic Radiative Electroweak Penguins
B— m/vand p | vuntagged B—K* y (2 fb-1) rediscovery penguins

(CLEO saw a signal with 2.66 fb-) B—Xs y (10 fb-1)

Hadronic B Decays

B— Km (10fb-1)

B — ¢K (10 fb-1)

B — J/y K (2-10 fb-1)

Time dependent B mixing (10 fb-1)
B lifetimes (2-10 fb-1)

Charm
D lifetimes (2 fb-1)
Do— K+m-, DO=K*m-me (10 fb-1)

+ Publication prospects for dark sector searches.
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Summary

® Belle Il has successfully concluded the phase 2 physics run

® Phase 3 run started in March 2019

e full physics run,

® we are going to collect data meaningful for B physics,
e 10 fb—" by this summer

® The Belle Il aim is to explore New Physics in the flavor sector with 50 ab—" data

collected at SuperKEKB

x
o)
=)

f

Peak Luminosity [cm?s™!
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B—Kee LFUV
New Physics

Resolve Vuel
puzzle

Al

T

-

TLFV
Discovery

[;.qe] 1 "3ur

=
=)
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backup
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Belle Il physics

Observables Expected the. accu-

Expected Facility (2025)
racy exp. uncertainty

UT angles & sides

1 [°] haid 0.4 Belle 11

@2 [°] A L0 Belle I

63 [] ««  CKM Lo LHCb/Belle 11

[V inl s 1% Belle II

|Ven| e 1.5% Belle I

V| ine . 3% Belle II

[V exc - 2% Belle II/LHCb

CP Violation

S(B - ¢K°) e 0.02 Belle I

S(B - oK) «+ CPV 0.01 Belle 11

A(B = KO%)[10-2) ad 4 Belle II

AB = K*7~) 1072 i 0.20 LHCb/Belle 11

(Semi-)leptonic

B(B - 7v) [107] * (Semi) %% Belle II

B(B — pv) [1079] = % Belle 11

o oo +LEPTONIC 55 Belle 11

R(B - D"1v) i 2% Belle II/LHCb

Very Rich Physics

Program!

Andrzej Bozek IFJ PAN, Krakéw

Radiative & EW Penguins

E. Kou, P Urquijo et al.
Belle Il Physics book,
arXiv: 1808.10567
(Accepted to PTEP)

B(B — X.v) * Belle 1T
Acp(B = Xy 7) 1072 *=* Belle 1T

S(B — K%1%7) ses Belle 11

S(B - py) had EWP Belle IT

B(B, =) [1079) had Belle 11

B(B - K*vw) 1 e Belle 1T

B(B — Kvi) [1079] i Belle IT

R(B — K*lf) hd Belle I/LHCh
Charm

B(Dy — pv) hoid 0.9% Belle 11

B(Dy = 7v) ** CHARM 2% Belle 11
Acp(D® - K970 [107%)  ** 0.03 Belle 1T
la/pl(D° — ) i 0.03 Belle 11

40" - K tx) [] ek 1 Belle 11

Tau }

7=y [1071) e <50 Belle 1T

T ey [1071] A TAU <100 Belle 11

7 — e 1107101 biad <3 Belle 11/LHCh
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Belle Il Particle Identification

N - -

I - ]

5 o +—

g N

< N

$ 06 4

2

5 o4 ¢, (Data) _[“‘“m“"'f

2 Lo Beten 20
oo Proliminary |

L R R S

Momentum [GeV/c]

woment (Gevie]

Cherenkov photons observed by TOP detector
D+—DOrr+ [D0—(K-1t)] X vs t pattern (mapping of Cherenkov ring)

720 r . : | w20 1
‘e | Belle ll TOP 2018 (Preliminary) | 5 | Belle Il TOP 2018 (Preliminary)
£ | D kinematically tagged kaon E | D* kinematically tagged kaon
£ | p=173Gevc | p=1.73GeVic
=941 | 0=
Pion PDF | aon
15" log L(r) =-257.51 | 15" log L(K) =-236.38
| TOP PMT’s
10 Tl 10 —
LR—— e — | —_—
mhypothesis X | K hypothesis v’
% 16 32 % 16 32

L —) 48 64
Pixel column Pixel column
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Belle Il Vertex Detector (VXD) system

N - -

I - ]

5 o +—

g N

< N
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2
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L R R S

Momentum [GeV/c]

woment (Gevie]

Cherenkov photons observed by TOP detector
D+—DOrr+ [D0—(K-1t)] X vs t pattern (mapping of Cherenkov ring)

720 r . : | w20 1
‘e | Belle ll TOP 2018 (Preliminary) | 5 | Belle Il TOP 2018 (Preliminary)
£ | D kinematically tagged kaon E | D* kinematically tagged kaon
£ | p=173Gevc | p=1.73GeVic
=941 | 0=
Pion PDF | aon
15" log L(r) =-257.51 | 15" log L(K) =-236.38
| TOP PMT’s
10 Tl 10 —
LR—— e — | —_—
mhypothesis X | K hypothesis v’
% 16 32 % 16 32

L —) 48 64
Pixel column Pixel column
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Belle Il Photon reconstruction

erem = ury
1.00 GeV < p(recoil) < 8.00 GeV
° T T T
S 0.5 MEMC §
‘© —+ Data
E
g Belle Il t
0.10 - - —
2018 (Preliminary)
fL dt =261 b’
0.05 - -
> 4 e
0.00 === : L 2
0.6 0.8 1.0 1.2
E(ECL) / p(recoil)
~ n=yy
LN F gete 1 preliminary - Datay ' —+Data ]
S 3000, —Fit E
g —J Ld=0.49 10" — signal E
- - Background |
Y ]
S o 3
o
2 E
§ (37.7 £0.710° cands A:
w (541.1 £0.2) MeV/c? B
k 17 203 MeVict | E
>0.40GeV. ]
E / ‘ E
45 05 055 Oy (GeVI2)
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Entries / (0.001 GeV/c?)

0.

0.0

a = yy
x10°
Belle Il i
o 4 =~5pb"
2018 (Preliminary) |, f Ldt=~5pb
4 E,>0.15GeV
+

o

+
¥
4
+
+

ok
—+- Data +
+

l‘, *

°
5r s ,‘/ Mgt o]
o

008 0.10 0.12 014 0.16 0.18
m,, (GeV/c?)

+ Good reconstruction single

photons and pairs.

+ Ready for the “dark sector” :

single photons —

ete =y X

et em—y ALP —y(yy)
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efficiency e |nclusive

A

purity

\4

B decays with missing energy

Tagging techniques

B — hadrons (inclusive modes)
e~ O(1%)

(A. Matyja: PRL 99, 191807, (2007).,

A. Bozek: PRD 82, 072005, (2010). )

Semileptonic

B — D(*)leg

e~ 0(0.3%)

(Y. Sato: PRD 94, 072007, (2016). )
Hadronic

B — hadrons (exclusive modes)
e~ 0(0.1%)

(M. Huschle: PRD 92, 072014, (2015).,

S. Hirose: PRL 118, 211801, (2017).)
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B decays with missing energy

Tagging techniques First measurement:

&
S
T

efficiency e Inclusive

A B — hadrons (inclusive modes)
e~ O0(1%

(A. Matyja: PRL 99, 191807, (2007).,

A. Bozek: PRD 82, 072005, (2010). )

N/5 MeV/c?

w
-3
T

* Semileptonic B

B — D™y, :
e~ 0(0.3%) 10l
(Y. Sato: PRD 94, 072007, (2016). ) :
® Hadronic E )

\ 4 B — hadrons (exclusive modes) >2 - - ,, [GeV/c’T
_ e~ 0(0.1%)

purity (M. Huschle: PRD 92, 072014, (2015).,
S. Hirose: PRL 118, 211801, (2017).)

A. Matyja: PRL 99, 191807, (2007).
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.211801
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B decays with missing energy

Tagging techniques Semileptonic tagging:

efficiency ® |nclusive
A B — hadrons (inclusive modes)

>
[
(O]
e~ O(1%) 0
(A. Matyja: PRL 99, 191807, (2007)., g
A. Bozek: PRD 82, 072005, (2010). ) N
~
® Semileptonic g
B — D™y, o
~ 0 0
€YNSO((;‘SD/‘;) Y 90 02 04 06 08 1.0
. Sato: 4, 072007, (2016).
( . (2016). ) Eco [GeV]
® Hadronic
\ 4 B — hadrons (exclusive modes)
~ 0,
. €= 0(0'1 A’) EgcL remaining energy in the calorimeter
purity (M. Huschle: PRD 92, 072014, (2015).,
S. Hirose: PRL 118, 211801, (2017).) Y. Sato: PRD 94, 072007, (2016).
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.99.191807
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.82.072005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.072007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.072014
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.211801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.072007

efficiency e |nclusive

A

purity

Y

B decays with missing energy

Tagging techniques

Rest Of the Event (ROI)

B — hadrons (inclusive modes) hagroric 3* tag

e~ 0(1%) S "F Belle  pretminary /4:,: v '
(A. Matyja: PRL 99, 191807, (2007)., % + ous Pewt 02
A. Bozek: PRD 82, 072005, (2010). ) £ oo 0 N
Semileptonic :

o
B — D™y, s % +
e ~ 0(0.3%) § L

w E
(Y' Sato: PRD 94, 072007, (2016)') 5._4 52I45 5.’25 52'55 5‘25 5.2[65 5.[27 52[75 5.'28 52'35
Hadronic B
B — hadrons (exclusive modes) My [GeV/c

e~ 0(0.1%)
(M. Huschle: PRD 92, 072014, (2015).,
S. Hirose: PRL 118, 211801, (2017).)
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B — D™ 7ty current situation

* B(B—D™rty,
R(D™) = B((B:D(*)€+w))

¢ = e, pu : normalization

— o ———— ————— ]
* r BaBar, PR 100,101802(2012) -
[a) 05 F Belle, PRD92,072014(2015) Ax® = 1.0 contours E
o 0.45 :_ E’;f;f‘%&l‘ 3.712%).1?70(35)21%1)5) === Average of SM predictions _:
e = Belle, PRL118,211801(2017) R(D) = 0,299 + 0,003 B
= LHCh, PRL120,171802(2018) R(D*) = 0.258 + 0.005 ]
0.4 D Average =
035F| ~ 4o .
03f } l 20 ~
0‘2:_| 1 1 1 P(X):“%|_:
0.2 0.3 0.4 0.5

0.6
R(D)

SM predictions

«\SM __ B(B—=D*rtv,) _
R(D*)>™ = B(B—D*ttvy) —
0.258 £ 0.005 .
SM _ B(B=Dtvr)
R(D)*™ = B(B—Dttvy) —
0.299 + 0.003

HFLAV

Rp = 0.407 + 0.0391z + 0.024 /5
Rp+ = 0.306 & 0.0134a & 0.007,¢

deviation from SM:
~ 2.30 for R(D)

~ 3.00 for R(D*)
~ 3.70 tension between SM and combined
R(D()) experimental results
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R(D")

0.5

0.45

0.4

0.35

0.3

0.25

0.2

B — D) r*y_Belle Il projection

LI B o e e o o o

Batle Il Projection
—— Balle Combination
—— Babar

LHCy

World Combination
+ SM peediction: PRDS2 054410 (2015). PROBS 094025 (2012)

T[ITrr[Trorr[rr

T

T

10 contours

| P

PR EFETETEr EATETEE S

B2TiP 3

i TS ETEE N

il

L
0.45

04

03 035

05 055 06

R(D)
The major contribution to systematic is the uncertainty on D** component.

n Belle II:

¢ we will study in details B — D(**) X decays,

e especially B — D**) ¢+, decays,

Belle Il will improve the statistical uncertainty
on R(D) and R(D*)
with ~ 5ab~" accumulate data we can
achieve

® ~ 6% uncertainty on R(D)

® ~ 3% uncertainty on R(D*)
the excess can be confirmed with early data

The ultimate precision (with 50ab—") of 3%
and 2% will be limited by systematic

® asimultaneous determination of R(D), R(D*) and may be R(D**) components is

possible.
Andrzej Bozek IFJ PAN, Krakéw
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Kinematic variables describing B — D" 7w,

\ B — D7, g% = M, - effective mass squared of
\ D* — Drm the Tv system
. T — TVr 0 - angle between 7&B in W* rest
e frame
8a(D) x - angle between the 7v and D*
T Nl decay planes
—~—

One1(D*) - angle between D& B in D*
rest frame

One1(7) - angle between 7& direction
opposite to W* in 7 rest frame

__ar
d cos Ope(T

a=1.0forr = 7v; a=045forr — pv

;= 3(1+ aP; cosbhe (7))

t Feopm) = 3[2FL cos?(6ha(D*)) + (1 = F7) sin® (6her (D*))]

G?,cos Ohei(7) and cos . (D*) can be reconstructed at B-factories with
hadronic decays of Biag
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~v, differential distribution : q°

........ e .
—~ 02 P e 0.6]
~ g
Q s a 0o . 05
04 (=7 an
al at g2 04
0 s Vector 03
’ *& 02
0.6 AR 0.1
05 / SM | i i
0.0 02 04 0.6 08 00 0.1 0.2 0. 4 0s 0.0 0.1 02 0.3 04 0s
R(D) R(D") R(D)

M.Tanaka,R.Watanabe - arXiv:1212.1878v1
Differential distribution can be measured to constrain NP contributions

Detailed measurement of g2 and other kinematic distributions including polarization of
the 7 and D*

2 39TiF
c ! .
21200/
w [
1000; .
; Belle I MC are generated in the SM
800; hypothesis
600! Block histograms is a 2HDM-type I
400 o benchmark
I 50 ab-1 projection of the
200! subtracted q? spectrum
inB>D*tv(HT)
6 7 8 9 10 11 12
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B — D*r v, differential distribution : 7 polarisation
Pioneered by Belle Phys. Rev. Lett. 118, 211801 (2017); Phys. Rev. D 97, 012004
(2018)

Measured from the two body semileptonic = (— wv, — pv ) decays -experimentally

4
]

3

2

1

045 0

challenging

W signal B>0'm, [l Fake 0" and g7
rcross feed [l B0rr%, 54 -4 Data

100

Events / (0.05 GeV)
8 2 8

N
3

0
0 02 04 06 08 1 12 14
Ece, (GeV) R(D")

P(D*)

Belle Il perspectives :

5abT 50 ab~T
P-(D*) +£0.18+£0.08 +0.06+ 0.04

’d;‘ ez os 035 1;4
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B — D*rv, differential distribution : D* polarisation

T Fesoos) = 3[2FL cos?(6ha(D")) + (1 = FL7) sin? (6t (D*))]
All 7 decays are usable.

Belle result presented on CKM2018:

o F
9 160f
o E *
& FP” = 0.60 £ 0.08(stat.) + 0.035(syst.)
E 1207 SM: FP" = 0.46 £ 0.03 (Phys. Rev. D 95,
g 100F 115038 (2017), AK. Alok, et al) (1.50)
W gr SM: FP™ = 0.441 £ 0.006 (arXiv:1808.03565,
F Z-R.Huang, etal) (1.8 o)
g0 = consistent with the SM within 2o
40F — Fitwith F?20.6
20} SM (arXiv:1808.03565 [hep-ph])
0:““Jnnhn.luuhuwlunluuluu}un\nn
2106-08-07-06-05-04-03-02-01 0

cos@, (D*)
Expected number of events for FLD* in full data set is ~ 15000.
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Testing lepton flavor universality in b — u semileptonic
decays

_ B(B—=wrtyr)
R(r) = B(B—nl ;)

- Data

Feasibility already demonstrated with Belle.
No statistically significant signal was

< fixed BG observed B(B — n7tv;) < 2.5 x 10~*
Phys. Rev. Lett. 118, 211801 (2017)

Central value:

B(B — nrtvs) =

Events / 0.15 GeV
&

5K v _

BBE &L ISk (1.52+£0.72+£0.13) x 1074

10 RIS i i
T s I Belle Il extrapolation of uncertainty
RO IRRIIRRILKS 1 1

B R RIS 5ab 50ab

P 2050500260 te %600 % %% et e e e ts 2o e ettt S Ay +0.23 or R +0.09
0 2 4
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Testing lepton flavor universality with leptonic B

, decays
Very clean theoretically, hard
experimentally SM is helicity suppressed
Sensitive to NP contribution (charged

Higgs)
g o LB )
I'(B—1tv) GZmp m?
B(B — ll/) = ;—ml?(l — —é)2f,23‘vub|27'[;
g TB=ev) ™ mh
I'(B—1v)
g DB=1)
(B — xwilv)
Mode | SMBR | Current meas. Belle Il | Belle Il
5ab-1 [ 50ab-1
™ 104 20% uncertainty 15% 6% Belle Il Full simulation with expected
uv 106 40% uncertainty* | 20% 7% background conditions (hadronic tags only)
o 01 Beyond reach B B S.L. tag expected to have similar sensitivity
* arxiv:1712.04123 2.40 excess [2.9,10.7]x107 at 90% C.L. Extrapolation of Belle Analysis
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B — Kvv decays

Current limits

®  BaBar hadronic == SM prediction
®  Belle hadronic A Belle semileptonic
Suppressed in the SM : BRs 10 — 106 may be A Babar semileptonic 53TP
enhanced by NP ° !
= S0t P . .
® . A le °
h . E . . A
g 5 : A
x P A a
. A A
b £10° -
W 2

Constraints on new physics 10°¢

Kiow Koo K=ow K mvw 200 gy pow
contributions to Wilson B decay channel

\ coefficients C;, Cy

— / ™~ 90% CLexcluded  ~Gpeaiabies Belle I1 5 ab-! Belle 11 50 ab-1
wl N y by Belle and Babar Br(B* = K*v7) 30% 1%
Br(B? — K*%vi) 26% 9.6%
Br(B+ - K**+vis)  25% 9.3%

N 68% CL allowed
Lyblos” " T=4= b Belle IT at 50 ab-l
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Challenges for D*polarisationmeasurement

Main experimental problem:
strong acceptance effects for cos the(D*) > 0.0

efficiency distribution of slow 7* from D*
80000
cos O (D) > 0.5
60000 [
mC
40000
20000
cos Oy (D*) < —
-1 -0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8 8 -‘\“‘\

€0S(Ohel(D*)) 12 0.14 0.16 0.18 02 g2 9 4\?]

Effectively only cos 0| (D*) < 0 is useful for FLD* measurement
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Measurement of 7 polarization in B decays

> both B° and B~ decays are used;
only 2 body  decays: 7 — 7w, pv

» sample divided into two bins of costy: PT = F r
I: =1 < €OSbhet < O; @ T costye >0 cost <0
11: 0 < coSbhe < 0.8 (for 7 — 7v)

2 rcosohcl >0~ rcos()hcl <0

Experimental challenges

D

» corrections for detector effects: acceptance,

40
z;{;;ftig gg;(j';el bins, crosstalks between 22 :\\\\\\\\\\\\‘\\

. . 6-04-02 0 020
» for 7 — m(p)r modes combinatorial
background from poorly known hadronic B
decavs

.
%

< 160
» Distribution of cos 04¢/() is modified by: € 1ot |[ls-o MC Z
> cross-feeds from other  decays £ 120F |50, %
(contribute mainly in the region of E 100 S %
cos Hhe/("') < 0) % Other background %
» peaking background (concentrated %
around cos Ope/(T) &~ 1) 60] é
.

Andrzej Bozek IFJ PAN, Krakéw New Trends in HEP, Odessa May 12-18, 2019 37/35



