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Belle Il Flavour Program

o Bellell plansto collect 50 ab-! of collisions near Y(4S)

e a(Super) B-factory (~1.1 x 10° BB pairs per ab-1)
a (Super) charm factory (~1.3 x 109 cc pairs per ab-1)
a (Super) T factory (~0.9 x 10° TT pairs per ab-1)

e Flavour program at Belle Il

o CKM precision metrology.

o Flavour BSM analyses with good “detection universality” (e.g.

leptons).

o Dark, missing energy: hidden portals, axiflavons etc.

e Important, unexplained hierarchy among 10 of 19 params of SM

m,=0

e Mass (6 params, small ratios of scales)
e CPviolation (4 params, strong hierarchy between generations)

o With phenomenological consequences for quark flavour dynamics

Belle I

Phillip URQUIJO

— relevance of hadronic effects

“Zoltan plot”

l I I

ﬁ RK and RK*

DO like-sign di-muon
charge asymmetry

T R,and R,
|Veo| inclusive

_’ exclusive tension

|Vup| inclusive

_’ exclusive tension

B - K*up
ﬁ angular (PS.)
(9-2),
BR(B_— ®pup)

e'le

significance (0)
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CKM and CPV SM Metrology: Belle Il core program

|Vud| |Vus| |Vub| e—/W
VCKM X — |Vcd|_ |VCS| | |Vcb|
Vigle P —|Vis| e P Vib]

i/ ~—= ——

B>nmpp a/®2  B>D*Iv/b-clv |Ve|via Form factor / OPE WA HFLAV & CKMfitter 2018

1o , sin2®;=0.70 £ 0.02
B->DC)K®)  y[®s B->mlv/b->ulv |Vul|via Form factor /OPE
®, = (84.9 451 45)°

B - J/P Ks B/, M- (v (Y) Vup| via Decay constant fy ®3= (73.5%42.51)°
Bs>JPO  Bs Amgq, Ams Vib Vi{d,s}

via Bag factOr BB Vbl = (3.98 + (0.08 + 0.22) 10-3
Vep| = (41.8 + 0.4 + 0.6) x 10-3

e Precision improvements require improved uncertainties and resolved
tensions, e.g. |Vup| inc.-excl.
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CKM and CPV SM Metrology: Belle Il core program

B
V =
0,0 0,1
(0,0) ol (0. 1)
B>nmpp a/®2  B>D*Iv/b-clv |Ve|via Form factor / OPE WA HFLAV & CKMfitter 2018

sin2d;=0.70+£0.02

P, = (84.9 +51_45)°
B - J/P Ks B/, M- (v (Y) Vup| via Decay constant fy ®3= (73.5%42.51)°

Bs>JPO  Bs Amgq, Ams Vib Vi{d,s}

B - D) K(') v/ ®s3 B->mlv/b->ulv |Vul|via Form factor /OPE

via Bag fact()r BB Vbl = (3.98 + (0.08 + 0.22) 10-3
Vep| = (41.8 + 0.4 + 0.6) x 10-3

e Precision improvements require improved uncertainties and resolved
tensions, e.g. |Vup| inc.-excl.
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Bellell @ Super-KEKB

Intensity frontier flavour-factory experlment Successor to Belle @K
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Expected (Integrated) Luminosity

BT SRR AR © Mo shutdown
; —— iiiii NRELEISES

| 4 years for the de5|gn Ium|

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

| 8 mo shutdown assuming we
replace PXD and TOP PMT

[;.qe] 7 "3u

=
o
-
s
ord
g ;
S 45 5
ord
=
=
.
v
©
()
o

Shamgs 121 1/1/2023  1/1/2025 1v1/2027
1/1/2019
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SuperKEKB - March 25 2019 “Phase 3” Begins

1) New e*damping ring (commissioned 2018).
2) New 3 km e* ring vacuum chamber Positron ring (\CO'“S‘O" —
(commissioned in 2016). Optics and —

vacuum scrubbingin 2018.
3) New superconducting final focus
(commissioned 2018).

- .:

—

5_- P — e,
- .

Electron ring

yr

04/01/2019 00:00 - 04/02/2019 00:00 JST
Peak Lurninosity 12.1 [10%2/cmé/s] HER [ ek 2102 [mA] By"‘: 3.00 [mm)] Ny 789 bunches Physics Run
Integrated Luminosity 0. [/pb] LER [peqx 2600 [m4] By*: 3.00 [mm)] Ny 789 bunches Physics Run

: = Electron-Positron
: o Super linear accelerator
’ KEKB

é - 107 i J
_ :  SuperKEKB, 2/4/2019
~ :2 |f gusa | Positron damping ring

4/1/2019 4/2
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Large crossing angle nano-beams

KEKB SuperKEKB

The vertex distribution is constrained
In the nano-beam scheme.
E
Ordinary collision (KEKB) Nano-Beam (SuperKEKB Phase2) *\b;

Z vertex 'distr'ibution

Belle case 1999 data - : —r—
80 [ . _ , = Belle Il 2018 (preliminary) -
= (C) — 30001 Median=-0.015¢m J
60 . | . S 2500 | Tss=0.055cm v
10 ) - 2000 o -
. Q ¢+ Runs 1869-2047
i = 1500 -
20 ch
[ I\m 1000
() I —— AP TR T W, o0 7. PO e J
20000 -10000 0 10000 20000 500 | [Ldt = 24pb-1 N
-1.0cm Z(lm) 1.0 cm Ry — . N
-0.4  -0.2 0.0 0.2 0.4
o = 4.5 mm %o feml
o =550 um
D “I1°
Belle Il Phillip URQUIJO

Effective bunch length reduced x 1/10
Measured in 2-track events in Belle Il data
with one wedge of the silicon detector.

Tiny beam size is a useful constraint for

TDCPV analyses.
35 = | | ' | ' | 3* — 8mm
- SuperKEKB/Belle Il /
3 2018 (preliminary) 3y = 6mm
N + 3 =4mm
2.5 % /
- ) 3 =3mm
2 I + +ﬁ ]
1.5 % # % =
E $E T ged % E
- ¢ - y
0.5F ¢ *e
C o ~
N I | I | I | I | I | |
0 05/03 05/17 05/31 06/14 06/28 07/12
Date
%,?“{zf THE UNIVERSITY OF
! MELBOURNE




/ &

K-Long and muon detector:
Resistive Plate Chambers (barrel outer

/? a1

\
CTTOAR
o [ il '\

] ¥

tification
system (barrel)
g Aerogel RICH (fwd)

Beryllium beam pipe
2cm diameter

$ —
LS ~ Ny
(&=~
‘\“'

lever arm, fast electronics (Core
element)

Fzgg THE UNIVERSITY OF
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VXD measured and expected performance

e PXD:L1+1/6 of L2 (rest will be added in 2020)
e VXD (tracking) already working in phase 3. OY<; a

PXD

Gx ~ 20 um
Transverse impact parameter resolution of 12 pm (vs 10 um

4\ thanks to PXD. about 2x b Bl Vertical beam spot size gy << do resolution | 1 B
Phase 2  expected) thanks to PXD, about 2x better than Belle. — width of distribution is measure of resolution
o~ 0 040 i l T T T ' 1 1 1 1 ] 14 1 1 14 l )
= : + CDC+SVD+PXD Belle Il 2018 (preliminary) -
< 0035 F 4+ cDC+svD 1 Bellell MC Vs Belle
- ! : .
—i F '+‘ Pa rt|a| VXD + e M ; ; = H
= 0.030 o - =. 140:"""""'§ """"""""" Fit function: a_\/az+[—b ]2 = 140pp | Fit function: a=\/az+[—b ]2
S | of Phase 2 {1 © i P S okl PPty
S ) 0 ' : c 120 ? S Belle SVD2 cosmic (Data) BN715 C 120 ::L """"""""""""""" Belle SVD2 cosmic (Data) BN715
~ 0.025 | Ogs = 1--1/1111 - Qo I | —=— a=17.4203um 2 s | —=— a=26.3=0.4um
< - _+_+—+— d % 1000 b= 343+ 0.7 um GeVic % 1000 b= 329 + 0.8 um GeV/c
— - } () B Belle 1l single track events (MC) (7)) u Belle Il single track events (MC)
~— 0020 F 5o =20.5 um 1 2 8sf | ==a-- a= 9.0:0.1um 2o 8oy | =-a-- a= 115+01um
i —+- —— - s 60:'. ' b= 175+ OZMmGeV/c 'S L\ b=17.9 = OZMmGeV/c
. - b _ll ................................................................................................................................... N | 1 . .
0.015 | - -4 -
- : 40F
- + R
0.010 | e - 20
; . —— : .
o . h 0 0
0.005 f —— —— /Lm 2pbt 4 =, =,
i - i T 22 T 2.2
) ++ —— i Cqﬂ) _ 8 2
0.000 P — e, I R +:Ex=h_=h q;E 1123 oE | 8F
-100 -50 0 50 100 s 16 s 16
© 0 B 0
d, corrected for offset [pum] pBsin(0)*2 [GeV/c]
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2018 Standard Candles, ee-»vyy, ee(y), Tt (V)

Phase 2 run, April-July 2018

w4t eed>TT(Y)

Used for early trigger & track
efficiency measurements

Lpeak =5.5X 1033/cm2/s
PEP-II design luminosity 3 x 1033
Integrated luminosity ~ 500/pb
Measured with ee> ee(y), vy

® Data —Sig. MC —Bkg. MC - Tot. MC exclusive decay:. Tsignal — 3TV,

) - = OFT T T T E
D 106 Belle I1 2018 (Preliminary) _ goo - Belle Il 2018 (Preliminary) —t— Data =
O > = - — MC total (stat @ sys) -
— E 700 £ det =291 pb’ g i E
8 105 _§ 600 z— Tyg STV =
A ,F ECL clusters - 500 F '
LO 10 = = 400 |-
S 10° B _; 300 |-
- - ' - 2 200 |-
2 10° = v N 100 |
- n Z :
O 10k g; = < O:
> — w - = _
O 1L | T D R B c:%

0 10 20 30 40 20 - _25:;?:5

”(I)g::x -(I)Lnr:X 1-180I (DegreeS) M, . [GeV]
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2019 & Early Phase 3

> 100 fb1 by Dec

o Publication prospects for dark sector searches.

o Performance studies (particularly VXD) with heavy flavour

E-O 5
£ O\K_ﬁ_;\\
channels; Rediscovery of TDCPV,lifetime measurement precision. § |

— BT T T T T T
e |
S, . — Belle ll : Projection (Feb 2019) |
= |
@ —e— Belle 11 2019 NOMINAL |
€ g/ —e Belle 112018 PROJ 9 MONTHS/YR |
£ Belle 11 2019 POSTPONED PXD SHUTDOWN
-] %i |
g s
< |
g 4 w
IS l
ii |
3
| |
ii |
2
| |
ii |
1 / //
|
u : |
VN SN S S E— ,,e:-;::;:':::Z:Z;Z::::::::::;;:::::::::::::::::::::::::::;:::::::::::::::::;::::::::::::::::::::::;:::::::::: _ ‘
05018 2019 2020 2021 2022

Year

Belle I

First 2019 target is (up to) order(10) fb-! measurements,

Most new heavy flavour publications likely to start with 2020 data set

Phillip URQUIJO 11

Belle, Phys.Rev.Lett.
86:2509-2514,2001

—1r —— b—c cbar s,
| 10 fb-1
=286 4 2 0 2 4 6 8

2021-2022 B2TiP Milestone
arXiv: 1808.10567 / PTEP (99 citations)

2021:>1 ab-1 (Belle)

2019: 10-50 fb-1 (July) 100 fb-! (Dec)

wr— THE UNIVERSITY OF
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Example Milestones (B-physics oriented)

o Modes highlighted as golden in the B2TiP (Belle Il

Physics) book (non exhaustive).

o Expectongoing publication output from >500 fb-1

on heavy flavour - precision milestone points are

shown.

[ab-1] Group

0.05

L OWM ee-> MM
2 SL  R(B>D'tv)
SL  R(B>Dtv)
SL  |Vub| (B>t
+LQCD Iim

Channel

LOWM ee-> Ay, A'> invisible
OWM ee>a’y,a’>vyy
LOWM ee> 7’ uu, Z’> invisible

| v)

TDCPV Scp(B~> J/t

Belle Il

D
/O
Belle I

) Ks)

orovements

Current
precision
(Belle)

0.02
0.07 (0.04)
5%

0.023

Unic
Unic

Unic

Unic

Precision

ue

ue

ue

ue

0.012

0.035 (0.024)

2.5%

0.012

15

20+

HA

EW
TDC
TDC

PV
PV
D

PV
PV

HAD

EW
EW
EW
TDC

P

D

D

PV

Phillip URQUIJO

Br(B~>tV)

(
Br(B >puv)
(

Br(B -> Xu | v) inclusive dI'/dMx for |Vyp|

A

(K) e.g. 1<g2<6 GeV/c2
R(K*) e.g. 1<q2<6 GeV/c2
P(5’) in B> K*I+l- e.g. 4<q2<6 GeV/c2
Scp(B->n’ KS)
Scp(B>K™ y)
®3 (B>DK)
Br(B->Xs [*l), e.g. 3.5<g2<6 GeV/c2
Scr(B>py)
Scp(B>J/Y 1O)
Acp(B->Ks 110)
Br(B>Kvv)
Br(B->K" v V)
Br(Bs> v V)

Scp(B->10110)

12

21%
20
9%

28%

26%

0.34

0.08

0.32

15 deg

24%

60
0.22
0.15
~100%
~100%

<8.710°

9%
>50
4%
11%
10%
0.12
0.03
0.12
5deg
8%
10
0.10
0.05
11%
10%

0.3 10

0.06
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Dark Sector, rates & trigger

 Vector portal eF,"F',, (dark photon A '),Zl: 6g'l1y'Z' 1 (darkZ’)
G G

Dark Photon Axion-like particle

e AXxion portal “aG,,G""+ ZyyaFMVﬁ‘” (axion , alps)

o Scalarportal 2e., 125 (dark Higgs)

o Trigger: 0(10 nb) acceptance / suppress QED events, B & D >99% efficiency

Physics process Cross section [nb] Cuts

T (45) 1.05 £ 0.10

i) 1l : Single photon signature from dark photon.

dd(~) 0.40
S

‘5(”)) 0.38 ' - Background MC, 40 fb™'

ce(y 1.30 —. 6.0

'E . . - . . - .E
ete (v) C’)OO + 3 (MC stat.) ) 10° < 67, < 170°, - % : : : : : 5 : =2
. - 102> O 351 : 5 z ~
Ee’s > 0.15 GeV 10 wn et ; . - . : wn
: +—J ) . ' : :
ete(7) 74.4 e’s (p >0.5GeV) in ECL g CICJ ::: 5.0F WO L R Y - ST 2 jod §
= : I P - : : . :
() 4.99 4+ 0.05 (MC stat.) 10° < 62, < 170°, IR e a5l y : - n c 102 2>
E’, > 0.15 GeV | | :_'73:-' i|' il 5 AR T N N . R
02107 3.30 v’'s (p >0.5GeV) in ECL 4.0 - ------------- ------------- '!!!'irilfi:' ------ ------------ - 4.0F - . . ' -_:\:’-
W) L - o e NN s
pt () 0.831 w's (p >0.5GeV) in CDC % , :I:E li' It W ' e - ':. S Q: 101
ut () 0.242 w's (p >0.5GeV) in CDC, 3.0 ‘ """"" .'. """""" "r """"" ' )1 ] S = B o ...;;.;:_2.:: - :g-
> 1~ (Ey >0.5GeV) in ECL 7 5 _ _____________ ’i, _________ " ..... E{_f ............. _ ee—3y, | 3 : o . ,,,,,,,, %
7 (y) 0.919 : O TR endcap gaps .
il 1o By | it : :

vi(7) 0.25 x 10~3 , 2.0 _. """"""" . """" .I..:,r """"""" AR T 20|> ......... e TR .

x LR 5 Sl | | 10° . : : : :
ete~ete 39.7 £ 0.1 (MC stat.) Wee > 0.5GeV 20 40 60 80 100 120 140 20 40 60 80 100 120 140
Te putuT 18.9 +£ 0.1 (MC stat.)

Wie > 0.5GeV 0y (deg) 05" (deg)

€

% — [HE UNIVERSITY OF

- MELBOURNE
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Dark Sector, expected sensitivity

1.00 GeV < p(recoil) < 8.00 GeV ><1 0°
© — 71 r - - 1 r - - 1 r ~ L L A B R B L
0 L MG e _ o - Belle Il i )
-~ N 0.15 ; S 15| } _ o pp! —
\7 g : —+—§Data i %) - 2018 (Preliminary) + ' det > b ]
photon 5 _ Belle p 5 } : © I t , E,>015GeV -
0.10 SRS N S £ DO — S 1 B f ¢ _
: g . 0 ‘
. 2018 (Prehmmary) | - o . 4 Data . ; i
ee- f L dt =261 pb”’ ) _ % I :1»# :’ ]
Huv 0.05 ¥ ; ....................................... ...... + ......................... - _,E, 0.5+ ’M” ’q. ot Ao, ’“_’,
. . - ] LL] - o oo™ -
Single Photon Lines - q“h s :
O.OO;’“’Q’ T L L1 e 0.0-"""""""""'_
0.6 0.8 1.0 1.2 0.08 0.10 0.12 0.14 0.16 0.18
E(ECL) / p(recoil) m,, (GeV/c?)
e 7 Ph
ase?2 & early Phase 3
Ready for the dark sector early 2019 a . -
P 0 e [ X ‘ ‘ ‘ | R Lo Belle Il expected sensitivity (preliminary)
< 10° F o ~ .\
+ - E [ -i- |
ete >y X E - 1% 0
+ N\ - L - <3
e*e-> Y ALP (>vy) - H o
) il 4
e+e_ 9 V A (da rk phOtOn) >4 'B lle 1l (Ph 2) ;: 10 Assumes no veto OfY’Y?
’ P ee - asaese — -5 events in barrel at ]
Da rk Z ) M agn ¢ M O nO pO leS l 0_13 ""LDMX1@4G:v" il — 0 trigger level :
=S LDMX2@8GeV — 107
70_15 T —
Can also access through flavour = T i e Ao
C . 10_17 a4l 41l R . 10 10 10 10 10 10
transitions. 1073 1072 10" 1 mq|GeV/c]
m, [GeV/c?]
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Time dependent CP Violation / Overview

Improving on sin2®; will be a challenge:

\)
for experiments: soon the measurement will be b , ¢
systematics limited: need to control them; W- . et s
b ¢
for theory: so far neglected the contributions from . s < Q)
suppressed amplitudes carrying a different phase. y ) i 3 « 5
TD CP violation measurements of b > qgs . . .
" _ . 9 * Tree » Gluonic Penguin «Constrains
transitions (g =u, d, s) are a major target N . Tyt
arXiv: 1808.10567 (NP sensitive) penguin pollutior
WA (2017) 5 ab~1 50 ab~! Q 6000— s E
% E Belle Il 2018 (preliminary) —I— Data E
Channel o(S) od(A) o(S) o) o(S) (A 2 5000 [ o - —
J/YpK? 0.022 0.021 0.012 0.011 0.0052 0.0090 8 4000 =
PK" 0.12 0.14 0.048 0.035 0.020 0.011 0 SOOOZKS — T -

W = (497.159 + 0.013) MeV/c? |
O =

n KY 0.06 0.04 0.032 0.020 0.015 0.008 "000 (3462 £0.075) MeV/c"
wK?{ 0.21 0.14 0.08 0.06 0.024 0.020 o0

Kr’y 020 0.12 0.10 0.07 0.031 0.021 T e e
K2nmY 0.17 0.10 0.09 0.06 0.028 0.018 P e (GeVih

V- THE UNIVERSITY OF

-
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Time dependent CP Violation / Performance

o Atresolution ~0.77 ps s Bug ___pegTo------ / -
(30% to a factor 2 better compared to Belle); B
e PXD + nano-beam spot in Belle ll. — N
Boost P T
o optlmlsed fltte rs for nelJtra IS, g?te;gories Targets_for B > (t(jp N ttag) ILL+ From PhD F.Abudinen
-|-300/O KS qcce pt. ﬁﬁ;nediate Electron :j
Intermediate Muon ut
o Effective flavour tagging efficiency ~36% intormodige Kinstio Lepton 1
. Kaon K~
(F-BDT, MC estimate, was 30% at Belle) Kaon i K ;
Maximum P* [—, ™ //
Fast-Slow-Correlated (FSC) =, " / 3
Fast Hadron T, K~ Y // e
AlOOOOO - B th /\ — — Lambda A Vs ///
S Belle Il - S 60000{  Belle ?f)th S
8 |ﬁ 1°T |7 fl 8 |[| --= B ,' .7 = =7
— L — 0 ~ I S 0 (e ===
- 80000 ‘ll B || ~ “l B ’/— - fy -
£ oo000| | £ 400001 | | i
5 [ J| = I - . .
5 40000, | I 5 I ¢
g !lll" - £ - _::»J 5 20000/ | Iil: - "t-.,"%'--. -~ | |Interaction point B
" s T " "'-..__.-""-_.--:'. — "::::."'"'"" ol = e s T ~
= 20000 | i : | -._::;:j" — y
o_% == o_%*‘f""-’_'o s J-F Krohn, PU (Belle I1), submitted
(q . T)FBDT arXiv: 1808.10567 (q : T)FBDT to NIMA, arXiv:1901.11198
: : ,
accepted to PTEP e ;
Belle I Phillip URQUIJO 16 &Y. MELBOURNE




Hadronic D and B reconstructl

n phase 2

© = 1 = — T
S 30— D* — DO(KOnO)Jt+ — § 250—_ D" — DO(KTC ) B
¢ I “u St rates Ca pa bl lltl eS g 255 T Belle Il 201 88(preliminary) - % E ++ Belle Il 2018 (preliminary) E
. & — — © 200 _ —
of Belle Il and potential & E T [ra-azes' 13 4 Jra=ezet
. B [ 1 € 150—_ _
for c and b physics. £ J( ER I 05 K- Te*
Py g - D0> KsTO gE 100 + D> K
. 10— — n ]
o CP Eigenstate DO>KsTt0 - Lo : : + :
difficult at LHCb! o H ER .t :
ITTICULT a : SR T = ++ PR . | . §
0775 T8 i 79 198 205 2 08 180 1;1_ — 8 1g§+' RTINS
M (Kg 1°) (GeV/c?) M (K'*) (GeV/c?)
— L I I o L L L L O O L B O
g 90— A E E B*->D(KmK3m,Knn’, KK K 1, K mm)m* E §1 40 B*->D(Km,K3m,Knn’,KK K ° K ) -
< L B;::Df;(n;t Ks.—r): . - § B;:Dgﬁ,ﬂ K3n):' o
. = 80F ot e Ko Ko - P N I
o Recreatl ng CI_EO - B%->D “(K=, K3y - > B%->D “(Kx, K3n)p"
= 70 :_ B%->D* (Knm)w E .q:_) B :D (Km) )
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e >200RB 50 Belle 12018 (preliminany)- Belle Il 2018 (preliminary)
. . L dt =472 pb” ] y
candidates in 40 E o Lot =472
. 30 = 2
hadronic | Wl M,=\(E, /2~ P,
modes (470/pb) = =
10
'%-2 -0.15 -0.1 -0.05 0 0.05 0.1 0-15 0.2 g.2 521 522 523 524 525 526 527 528 5.29
E (GeV) M, (GeV/c®)
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Hadronic D and B reconstructl

n phase 2

% 30§_ D* —>D0(K(S)n°) —; Ng 250:_ D* —>D0(Kn) —:

¢ IIIUStrateS Capabllltles % 255_ T Belle Il 2018(preliminary)_£ % 2005_ ++ Belle Il 2018(preliminary)_z

of Belle Il and potential 5 £ T [ra-aees' 13 4 Jra=amzet

for c and b physics. g F Jr El S

Phy b o i

e CP Eigenstate DO>KsTO i { J”r | + E

. e = E - + .

difficult at LHCb! +H—+_Hr+—+—+' ++ Bt e e e -
0747 T8 s 19 195 205 2 08 182 184 18 18 1.9 192 104

M (Kon°) (GeV/c?) M (K7*) (GeV/cd)

lllllllll Illllllllllllllllllllllllllllllllllllll-

2 5.21 5,22 523 5.24 525 5.26 5.27 5.28 529 5.3
bC(GueV/c)

"bec NTTT T T

>  [[EmB —JyE e)K - “'g 22;—-3 ENTNISTS B =
E 16 -B0 — JAp(u* M)K; I Belle I - 2 20:—=Bo—>J/w(u pt)lg0 —
: - B — J/y(e*e) K’ . - B® — JAp(e* €) K =
* Recreating CLEO = 14r - B°—>J/1PP§:+EM?) K'Y 2018 preliminary | © 15| gm0 . ypp(u* w)K® E
7)) — . - _ ~ 1 il 0_) + - 0 —
& ARGUS 2 12F BZ — Jhyp(e e)K:b f|_ dt=472pb" o O 65 go j;w(e;,e?lfgo =
I= - |l B" — Jy(u' w) K . = 14:—- = Jp(W” W) K -
e >2008B S 17 2E Belten E
. : 8 — 10 . =
Candldates in 6: - 85— 2018 preliminary —f
hadronic 3 E 6F- det=472 pb” =
4F = 3 E
- ] 4 .
modes (470/pb) E : E

3

| | I | | | |
-0.2 -0.1 0 0.1 0.2 0.3
AE (GeV)

&
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Time dependent CP Violation / UT targets

e Balance stat-power with good vertex fitted events.

sin2d1 from B - cc KO with the full dataset will be

dominated by systematic uncertainties.

o All others are stat limited through to 50 ab-!
o ®s3covered by K. Trabelsi

D
<o
Belle I

. Current 50 ab™!
arXiv: 1808.10567 L
projection

P1:
Experimental: 0.7° 0.2°
Theoretical - QCDF & pQCD 0.1° 0.1°
Theoretical - SU(3) 1.7° 0.8°
P2
Experimental: 4.2° 0.6°
Theoretical: 1.2° < 1.0°
Belle Il

B — o&xr and B —

pp Combined 0.6

Phillip URQUIJO

2 0.41
g |, Bellen f L=50ab" gee,
- [ - A* o
D Aol o,k
L + .: + |
| . 1
T . LT
TR #
-0.2 ¢i+ AA. 'LA
‘* A- A Ag o
. o | YK (S=070) H
Ge 'K_  (S=0.55 *
-0.4— | A| MK ( | ) 1
~10 -5 0 5 10
At (ps)
— [
O Channel Ay [°]
' Current world average jigl
= 08¢ 2.0
: PP 0.7
0.6-
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Semileptonic and leptonic B decays / Techniques

o Belle (Il) analyses use semileptonic and hadronic
“tagging” for flavour, charge, kinematics.

Semi-Inclusive
hadronic ‘tagging’
side

o | -®-
e Signalfits based on Mniss2, cosOp+~|, calorimeter extra
energy Eeci/extra
[ Tracks J [Displaced Vertices J[Neutral Clusters ] 0.50 | | | DO Signal side
— X1 g --=-- FEI
=0.40 m -
R = —T R
g N\
Y X ‘ / T &% H\\‘::~
- ] S
\ e 0.20 _ ..
\‘ (go().l()— T. Keck et al (Belle II), Comp::\"'iy-___ Ongoing iterations on algorithms to
= 1 softw Big Sci (2019) 3: 6 improve efficiency - driven by more
g Sci (2019) p Y y
0.00 T computationally efficient ways to
Purity in % add more hadronic modes.
Belle I Phillip URQUIJO 19 &Y. \EsouRne




Belle B » D) T- v analysis / Converted Belle-»>Belle Il Data

o Semileptonictag /FEIBDI, B->D tvand B>D* tv Simultaneously

o 2D fit to 3-var. XG-boost BDT classifier and extra energy in EM calo.

R(D) = 0.307 & 0.037 & 0.016

M2miss Belle Preliminary )
Evis 2019 R(D*) =0.283 £0.018 4+ 0.014,
COSBB-D*l < 200 ] o0 o

Events /

0.4 0.6 0.8 1 1.2 0

0 02 04 06 08 1 1.2
EcoL (GeV)
Ecr (GeV)
IBeDm IB%DIV 3 =t
’q>-; Illlllllllllllllll: g ;(1'0" 'I"'I"'I"'I"':
. (51 O *0 . l R __ 8 . . ]
B — D**|v M Other o 15 D™ tv-signalregion g O 25 DO t v signal region g
S - 1 S E
£ 100 P
B"—>D*Iv B’ —=D*lv 5 £ 15
N 50 1
B*eD*w\BOeD*w
I N - 0.5 I
Oo 02 04 06 038 1 1.2 , TSR
IFakeD ' ' ' CE (Gev)' 0 0.2 0.4 0.6 0.8 1 1.2
ECL Eco, (GeV)

Belle Il

D
<o
Belle I

Phillip URQUIJO

0.4
T 04
0.38

0.36F

0.34

0.325
0.3F
0.28%

0.26
0.24

Belle PRL 118,211801 (2017)
Belle arXiv:1709.00129

Measurement of the

D+ polarization in the decay

B->D* tv, arXiV: 1903.03102

rprrrrfrerreyprrrpdyrtryprerrprrrprrxyrrrrprrrp Tyl
| | | | | | | | | | |

IIIIIIIIIII|IIII|IIII|IIII
—— Babar

LHCb Combination

— Belle 2019 SL BTag, t — | v v (Preliminary)
— Belle Combination"2019 (Preliminary)

— World Combination 2019
« SM prediction

no contours

04 045 0.5
R(D)
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Semileptonic and leptonic B decays / Targets

50 ab1(not including
) T 5 °F Belle Il Projection extrapolation of
e Histo ry of anomalies - key to Identlfy bias. E.\T 15 Y I 2228:8 (Bn:rrr;llaterlal) Barrel_ mo_%f_ :EE%%Combmatm latest Belle study)
e K. reconstruction, beam background J Y i aoopam | S TSR0 ) roos i ot
. e . % % 10 & —— BGx1.0 Barrel r
mitigation for ZEgc,, B>D*" lv _ Pele aigrtm -
background, tag calibration. b s 1 0 C@
° EVXbl covered by W. Sutcliffe Belle IISm:uIattlon'; .... Fre w1 oo s
0 — - - 1 o conto
107" 1 0.2:"""""""""""""""""""
Hue [GeV] 0.25 0.3 0.35 0.4 0.45 0.5 0.55 R([?)IG
< 25000 Belle 112018 J Lt = 04915767
Observables Belle Belle 11 % (Preliminary) B-=>XevV ¢ Data :
(2017) 5 ab™1 50 ab=t G, 20000 — za"kgr"“”" -i
Bl Signal
‘/cb incl. 42.2 - :_0_3 : ( T 1.8%) 1.2% — g 15000
Vip| excl. 39.0-1073 - (1 £ 3.0%ex. + 1.4%.)  1.8% 1.4% 2 0000
V| incl. 4.47-107% - (1 £ 6.0%ex. £2.5%¢n.) 3.4% 3.0% 5
Vup| excl. (WA) 3.65-1079 + (14 2.5%ex. +3.0%n.)  2.4% 1.9% i 5000
B(B — 1v) [107Y] 91 - (1 £ 24%) 9% 4% . —_—_—= S
—6 = 28— ¢ o & o @ ® o ¢ ¢
B(B —)/LV) [10 ] < 1.7 20% 7% 0 _8:5 ¢ ¢ ¢ ® o ¢ .
R(B — D7v) (Had. tag) 0.374- (1 £ 16.5%) 67 3% 1.0 1.5 2.0
R(B — D*rv) (Had. tag) 0.296 - (1 & 7.4%) 3% 2% p (cms) [GeV]
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CKM Global Fit Projection: Belle Il

I

D
<o
Belle I
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Several tensions at the 2-3 o level: Statistics limited at Belle Il.

Belle Il dominant measurements
e TDCPVinradiativeBg>py, K'y

o Inclusive spectrain B->X I*[-(initially sum over exclusives
with M, < 1.8 GeV, eventually: explore fully inclusive recoil).

e Electron (low X/Xo) & T channels
e SM level (5 0)in B>Xvv

SM favored

WN "
ba /\I\I

helicity flip

o« m, ~4.8 GeV

St

) _

SR

\M&“‘M Yr

b,

Belle I

SM disfavored,
enhanced with RH current

N
b,
/7/@7;/0/1’ o
079@[/ Sk
S
br
YL

Phillip URQUIJO

Radiative and EW penguin B decays / Overwew

material, averaged over ¢

B R
1 PXD
B SVD
B CDC
B ARICH
B TOP

o o =
o o o

radiation length, X/Xq

o
N

0.2

0.0
-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00
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—10Q @ (e oof
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Radiative and EW penguin B decays /[ Belle Rk-

Belle Preliminary 2019

2.0 —_— —_— —_— —_— 2.0
¢g°> in GeV?/c* All modes B® modes BT modes !
0.045, 1.1] 0.5279-3% 4 0.05 0.467052 +0.07 0.6272%0 £0.10 5| _ 15
1.1, 6] 0.9670°20 +£0.11 1.067752 £0.13 0.727097 £0.18 | | | '
0.1, 8] 0.9070'5; £0.10 0.8675 £0.08 0.9675 55 +£0.14 suof —p { - Q%l.o |
15, 19] 1.187022 £0.10 1.1272°%. +0.10 1.407; 32 +£0.11 | S S R S _
- +0.17 +0.27 +0.24 | ol __ 1 _
0.045, | 0.9419734 £0.08 1.12_575; =0.09 0.70_5779 = 0.07 05: -4 Data for B and B modes | 05: 4 Data for B+ modes
) I SM prediction | - : I SM prediction
oob o . . . .. . .. ... | ool o . . . ... ... . |
0 5 10 15 20 0 5 10 15 20
¢* (GeV?/c?) q* (GeV?/c?)
—~ —~ f (a) (b)
o f ok
% 100_— sk % 703_ K 2'0_ """""""""" |
S B —> K MLL, 185+ 17 S 60:—B — K ee, 127 4
™ : 58, N _
& 8  PRLI11S, 111801 (2017) S 15|
o B o - i
» 60— P e = | .
e 1T 3 %/7 Sl
> z ] b 30/ _
- 4077%/ 7777'7, . 05| :
/ Z . 20 LT -4+ Data for B” modes -
20 // = _
10 _ B SM prediction _
, / % 1 13
22 5.24 5.26 5.28 §22 2 (GeV?/ch)
S otk ke B S G g e
°F L | —.}— | 2F | . | L
5.22 5.24 5.26 528 5.22 5.24 5.26 528
M, (GeV/c?) M, (GeV/c?)
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e b->dytransitions are a key opportunity,

requiring better K/mt Particle ID performance

than Belle.

Radiative and EW penguin B decays / Performance

Kinematically identified kaon from D™ in TOP;
x vs t pattern (mapping of Cherenkov ring)

+D09K_

° o Igl 07— ———— U) 20 I 1
Central Drlft Cha m ber d E/dX & TI me Of s> | Belle Il TOP 2018 (Preliminary) ; - Belle Il TOP 2018 (Prehmmary)
. g - D* kinematically tagged kaon g -~ D* kinematically tagged kaon
propagation Cherenkov patterns - 2018 data T el g Ceit
" Pion PDF ' Kaon PDF
150 1og L () =-257.51 157 1og L(K) =-236.38
£ 10 , i
2 | Belle IICDC dE/dX e T | SR - 10 _ —
I 2018 Prellmmar o T 1 | e
] yp s T : ;
| - oo i PDF X K PDFv’
) & T ‘ i PlOn | aOn
= - — o i
5 06F A - pm - 0 32 48 64 0 32 64
- = - J‘ - Pixel column Plxel column
B - L dt= 239 pb™' ]
e +fp((rl)3ata)) Belle Ii 201p8 10— | - | | 10 . . | s
o = - f, (Data s E e eee S L -
11— 0o Preliminary 1 o °F RS ania 4 2°F Combined PID * -
B L | o - _._-.-'.' . N - Belle 11 2018
B n - % S0 o 9 oF Preliminary
— B | l+l | I | | | | I | | | | I | | | | | | | | | | | | | | (D E '.'-.:.- : : * -1 :
% 5 15 2 2.5 3 o WF - Bellel12018 § . . F - det:BSGF’b E
- S F o Preliminary 1 "
'1 (')_1 Momentum [GeV/c] & 30 - I L it - 356 b E - ., E
Momentum [GeV] g 20;— - . _._‘__._'0' "'ﬂ,_._..‘_++“
1] 105_ q 05 ::__._......-o-o-"" =
T B I R . N 7R S T B B T R I B B N VR W
M, (GeV/c?) 9
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D
<o
Belle I

Except for B>Xs+q Y, all channels are highly statistics limited.

e Expect systematics to be subdominant beyond 50 ab-1

e Key to understand beam background induced efficiency loss and Egc.
degradation in B>Kvv and to be unprejudiced to NP, i.e. ALPs/axiflavons

7{eﬁ’::'_

Observables Belle Belle 11
(2017) 5ab™! 50 ab~!
B(B — K*Tvv) <40 x 107 25% 9%
B(B — Ktuv) <19 % 107° 30% 11%
Acp(B — Xy q7v) [1077] 2.2+4.0+£0.8 1.5 0.5

S(B — Kgmow)
S(B — py)

—0.10 = 0.31 &= 0.07 0.11 0.035
—0.83 = 0.60 = 0.18 0.23 0.07

App(B — X 0T07) (1 < ¢* < 3.5 GeV?/c?) 26% 10% 3%

Br(B— Kt u*tu~)/Br(B — Ktete™) 28% 11% 4%

(1 < ¢* <6 GeV?/ch

Br(B — K*T(892)u™u~)/Br(B — 24% 9% 3%

K*T(892)ete™) (1 < ¢ < 6 GeV?/c?)

B(Bs — v7) < 8.7 x 1070 23% —

B(Bs — 77) [1077] — <08 -
Belle I Phillip URQUIJO

Radiative and EW penguin B decays / Targets

A1Gp
V2

2
« € Y,
‘/tb‘/ts—167'('2 EZ (C;0; + CIO%) + h.c.
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0.05}

N
9': 0.00}
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010 —0.05 000 005 010
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Belle Il Physics Ultimate Precision, 50 ab-1

e The full physics data taking program has just commenced!

e Beam background remediation the current (April 2019) focus.

E. Kou, PU et al. Belle Il
Physics book, arXiv:

Observables Expected the. accu- Expected Facility (2025) 1808.10567 (Acce pted to PTE P)
racy exp. uncertainty
UT angles & sides - »
b1 0] %k k 0.4 Belle I1 Radiative & EW Penguins
¢2 O % %k 1.0 Belle II B(B — XS’}/) Rx 4% Belle 11
ba [ « CKM i, LHCb/Belle [T Acp(B = X, g7) [1072)  * 0.005 Belle 11
Vep| incl. o 1% Belle 11 S(B — K31%) ook 0.03 Belle 11
Vep| excl. ok 1.5% Belle I S(B = py) * EWP oo7 Belle I
V| incl. k* 3% Belle 11 B(Bs — v7) [107°] gio 0.3 Belle 11
V| excl. *% 2% Belle II/LHCb  B(B — K*vw) [107°] A 15% Belle 11
CPV B(B — Kvp) [1079] el 20% Belle 11
S(B — ¢KY) ok ok 0.02 Belle II R(B — K*00) HH 0.03 Belle I1I/LHCD
S(B — ' KY) Aok CPV 0.01 Belle 11 Charm
A(B — K7 [1077] ok 4 Belle I B(Ds — pv) e 0.9% Belle II
AB = Ktn™) [1072] ok 0.20 LHCb/Belle II  B(Ds = 7v) ok D 2% Belle 11
(Semi-)leptonic ACP(DO — Kg*ﬂo) [10_2] i 0.03 Belle 11
B(B — 1v) [1079] o 3% Belle 11 la/p|(D° = Kgnn) o 0.03 Belle 11
B(B — pv) [107°] *k SL 7% Belle 1T $(D° — Kgmnn™) [°] o 1 Belle II
R(B — Dtv) kK 3% Belle 11 Tau
R(B — D*1v) Hokk 2% Belle II/LHCb 7T — Y [10—113] Aok T < 50 Belle II
| ‘ o T — ey [10™ kK < 100 Belle 11
o o et THE UNIVERSITY OF
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Upgrade 50 ab-1 » 250 ab-1 (Belle 111?)

e Flavour physics has the potential to continue exploring new physics territory
provided large enough samples are available.

o Machine (SuperKEKB) upgrades are possible.
e No concrete plan yet, just initial discussions.
e Consider factor 5 increase in luminosity (peak and integrated).

e Also considering possibility of polarisation.
o Exploring upgrade possibilities for Belle Il.

« Commencing studies to understand detector limits and mitigation measures
e Open upgrade effort (not just Belle I members).
o Also open to new ideas from theory for new flavour measurements.

R = [H
259 MELBOURNE
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B production
B pairs produced at rest in the CM with no extra particles
25 o —IIII|IIII|IIIII!IIIIIIIIIIIIII|IIII|IIIIIIII—
- S i i
= | S 6000 ﬁ‘( ~
g 2ol f'l". . ; L T data gl
e T = s \s. MC total ]
g8 [ ¢ 250001 . | MC BB —
_5 15F 4! - of L :7 \\:‘I’* MC qg 7
o= B :+ : i \ MC 17 g
(RCIS o . “00F <
2| P f . ; i Bellell 2018 -
L B Y : 4 J Y . - relimina -
> > i + + tq-(*# ‘ % ‘iwmq m.%‘m‘.“'"“-.."“t--t-’ i 3000:_; Prel W il
£ 108 1@S) Y@S) 20 1ES T ] \ f Ldt=15pb" -
044 946 10.00 10.02 1034 1037  10.54 10.58 10.62 | | T 2000; _
Mass (GeV/c) Probably a Y(4S) event / :
1000 -
+ We are on the Y(4S) resonance and 016205 04 05 08 07 0B 08—
ing B anti-B pairs with ~99°¢ . . e
rec.o.rdlng anti-B pairs with ~33% Event Topology (fits to R,) tells us we are seeing B’s
efficiency.
» Not so obvious: When we change o Z \pi| \p,-‘ P( g )
: : — = —_— COSU;;
accelerator optics, we remain on Y(4S). R2 = Ha/Hp ' —  EZ : $J7
1.J Vis

wr— THE UNIVERSITY OF
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Leptonic and Semileptonic Decay

-
o 3-ways to measure |Vckm| with leptonic and semileptonic decays
Uy
e Leptonic: decay constant from LQCD
MB 9 )\1/2 GF
I'(B — {1/ G y
( 102) = \ “fBC2 =12 M2 G 5 Vb (my, — 0)
—
o Exclusive semileptonic: form factor parameterisation with H- .
normalisation from LQCD or Light Cone Sum Rules e > Vab '
AT G2 |Vip |2 AL/2 AL

a7 = CalmewP G “B {2 ua [P 4 VP o | Hol | + Goal 1

o Inclusive semileptonic: Heavy quark symmetry if you measure Mg = (M —mi —m3)” — dmims,
the full rate, described by heavy quark expansion (o = m + 12 (m%]\};m%){
G m B
F(B — Xch) o H/cb‘ H + AeW]AnonpertApert] _ mi + m% A12
Q79 512 >
q G2
Belle II Phillip URQUIJO 31 B9 Nisourne




Golden modes for Belle Il

Least well

N <Y R .
950 RN T R S / constrained CKM
B — wly, Vbl * Kk 10-20  * %% * Kk >k * element

B — X, vy Vbl *k 2-10 * * % Kk * * % *
B — Tv Br. * * X >50(2) *** * % % * * % %
B — pv Br. xxx  >B0(5) xxx% * * * * * * *
B — D™y, Vb * * * 1-10 * * % Kk Kk *
B — X vy Ve * % % 1-5 * % % *k *k Kk
B— DWry,  R(DW) * % * 5-10 Kk * % * * % * * % %
B — Dy P- * K * 15-20 * K * * * * ok * Kk X
B — D™y, Br. * - Kk * % Kk -
s T
+ A + 7 +
W—I— 1 H—l— 1 é 1 b Z b g
_ / / W+ HT
b - < c b < C D —< "E" <4— C
q > q (q > q (g > q
U vV u %
D - W=/ THE UNIVERSITY OF
Belle II Phillip URQUIJO 32 83 MELBOURNE




T Lepton Flavour Violation

> [k P S T Ihh Ah -
g 10°F .t . . =
© - m S . s = I -
- F _ o L - Example of the
E 10° * - = decay topology
- ; 2 v "V" v v ' ; LL
Q 10-7; "v' - ' PR X A - ! ! E 4
."(.2 = w v 'Av! A A 2 AA Y il 'g //
v A = I'A AoA Y y 1V A y | Al- . .
g -8_ . . I !" . 7 =« CLEO Slgnal Slde
g 10°F g v BaBar - L Y
g e 1 Belle TR )l
= I . ; ] T
_ 10-95. o * v . o.. 0.. _ —s o v NE * Belle |
- a —
§1O-10_LIIIIIIIIIIIIIIIIIIIIlIlIIIIIIIIllIIIIIIIIIIlIIIII e e*
> FEERS AL RRUL M998 vonon kv ReMAR IRk e iy <le<ic " .y

L
2P0 0Hp's gy 9% FO2 oo:.:a:wi:i:' k&xxgﬁgg:omno;q,z‘“‘xx —

°1°1°1°1010101°1=" r:r:xx d T \.‘
tag sige

Note vertical log-scale (50 ab-" assumed for T _5e V.V ) PR (
Belle Il; 3 fb-1 result for LHCb

Belle Il will push many limits below 10-9
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T Candidates at Belle Il
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B Signal

1 udsc_MC10 BGx1
[ ee MC10 BGx1
—J mumu_MC10 BGx1
[ eeee_MC10_BGx1
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New physics DNA

D
<o
Belle I

What new physics could it be?

Matter antimatter asymmetry
> New sources of CP Violation

Quark and Lepton flavour & mass
hierarchy

>extended gauge sector coupling
to third generation (Hx, W’, Z°)
>restored L-R symmetry

Finite neutrino masses
> LFV and LFUV.

19 free parameters
> GUTs, leptoquarks

Belle Il

e TLFVisan excellent example.
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Observables £ = oD = N oD op 2 2 O go
T tree decays:
B(t — Kv)/B(t — ©v) | x**x | ** X X X X X x | *Kkx O *x
B(t — K*v)/B(t — pv) | *x* | X X X X X X x | *Kkx O *x
T — u decays:
T — Wy * Kk | ok | kKK | * * * * X * *%xx | O
T — pmd * % % | * *k X | kK ok X **xx | X | kk* N O
T — uKg * * % * * X * X * X * * % O O
T — pup® * % % | X *k X | kK ok X **xx | X | kk* ] O
T — pKO* xxx | X * X * X * X | %ok ok O O
T = AT *k *k * X | kkk | kxx | kkx | X * * %% | O
T = upTer *k * X X * * * % * X X xx% | O
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