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Belle Il @ Super-KEKB
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Intensity frontier B-factory experiment, Successor to Belle @KEKB (1999
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Heavy flavour data sets from colliders

Observables Expected the. accu- Expected Facility (2025)
racy exp. uncertainty
e SuperKEKB is the first new collider since the LHC. [ s s y el 1
¢2 [] ** CKM 1.0 Belle II
e Unique strengths in CKM metrology, rare and ol L Loy Belle I
° ° Vep| excl. glo 1.5% Belle II
| incl. g % elle
missing energy decays. CK el . 2 Belle IL/LHCh
PV
gEB — gbKOO)) Hokok C PV 0.02 geﬂe E
B - 1K ook 0.01 elle
A(B — K7 [1077] ok 4 Belle 11
° + o —2 Kk ok . elle
Expt. {Ldt o(bb) o(cc) Operation i — = LR
B(B — tv) [1079] *k 3% Belle II
—6 %k elle
Babar 530 fb-} 1.1nb 1.6 nb 1999-2008 i-hn" QL b
R(B — D*1v) Ak 2% Belle II/LHCb
Belle  1040fbl  1.1nb 1.6nb  1999-2010 s M remin -
Acp(B — X, qv) [1072] o 0.005 Belle 11
0.5 fb-1 S(B — K%0v) ok 0.03 Belle II
Belle Il _ 1.1 nb 1.6 nb 2018-  seveo L EWP LY e
50 ab-1
( a ) B(B — K*vv) [1079] ook 15% Belle 11
B(B — Kvp) [107Y] Aok 20% Belle II
6 N b R(B — K*u/) ok 0.03 Belle I1/LHCb

BE I” "'l f -1 - 2008' ghﬁimﬁ m Hokok 0.9% Belle II
S 0 b (3770 MeV) BEDS —>7'1/; Hork D 2%(7 Belle 11

Acp(DY — Kn¥) [107%]  ** 0.03 Belle 11

lq/p|(D° — K2nT77) ok 0.03 Belle 11

o(D° — Kontn™) [°] ook 4 Belle 11
LHCb 1+2+>5fb1250-500 ub 1200-2400 ub ~ 2009-

T — py [1071Y] Aok T < 50 Belle II

T — ey [1071Y] ok < 100 Belle II

T — ppp [10719] Aok <3 Belle II/LHCb
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CKM and CPV SM Metrology: Belle Il core program

o The SM describes the mixing of quarks Vid| Vis Vb e "
of different generations through the Ve o< | — \Vcd\. VA | V.1
weak force. Vigle™P  —|Vig| e P Vip

3 Generations, 1 Phase: single
source of CPV in the SM.

Wolfenstein parameterisation:
Phase invariant, conserving CKM
matrix unitarity at any order in A. (0,0) (1,0)

A\ =
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CKM and CPV SM Metrology: Belle Il core program

e How do we measure the CKM parameters?

B-o>mmpp a®: B->D*[v/b->clV |Ve|via Form factor / OPE WAHFLAV & CKMfitter 2018
sin2P;=0.70 £ 0.02

B - D) K(*) v/ ®s B->mlv/b->ulv |Vu|via Form factor / OPE By = (84.9 451 45)°

B> J/V K B/d1 M->Iv(y) \Vup| via Decay constant fyu ®3=(73.5%251)°

Bs-> J/P P Bs Amgy, Ams \Vib Viya,s3| via Bag factor Bg Vub| =(3.98 £0.08 £0.22) 10°
Veb| = (41.8 £ 0.4 +0.6) x 10-3
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Lepton flavour universality

gﬁ ] T; nm p,
7, BR(t~ — e Vev;) m; p,

v oW g\i‘ %=1.ooooio.0014
U

Experimentally good for leptonic decays to an accuracy much better than 1%.

0 — OT\(Q Now can access the 3rd generation of leptons and
@ o

"© couple to quarks!

versus The only SM differences are are due to masses - easy”

to calculate!
—_>
, o
e €

Any further difference would imply non-SM interaction.
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R(D) and R(D*) Tree anomalies B(b s q75,)

B(b%q@ﬂg)
t=e,

$|

2018 summer
World Average is (still) 40 from the SM

o~ — | | T | T | | | T | | | [ _
*D (0. 5 | =——— BaBar, PRL109,101802(2012) . _
- - Belle, PRD92,072014(2015) Ay~ = 1.0 contours .
oY - LHCb, PRL115,111803(2015) TP PP
0.45 - Belle, PRD94,072007(2016) === Average ol S predictions
T rC - Belle, PRL118,211801(2017) R(D) = 0.299 + 0.003 =
Bel Ie LH< b N LHCb, PRL120.171802(2018) R(D*) = 0.258 +0.005 ,
04 [ Average 7
L ; i
03 __ } <0 —_
SE A -
N Summer 2018 | —
02 — P(X:) — 749, —
l 1 I 1 1 1 1 l 1 1 1 1 1 1 1 1 l
0.2 0.3 0.4 0.5 0.6

A similar ratio was measured in e Vs. p at ICHEP
2018 at 3% precision (agreed with SM).
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R(K) and R(K") Loop anomalies

Standard model decay Possible new decay

(*)
(qz) BF(B% M M ) Neutral weak Possible new
— force boson, Z Muon, p* particle, Z' +
e Mg @ | i
BF(B9 K e e ) Charged weak Antimuon, p- U
force boson, W‘ ,,,,,
For experts: g2= M2(l+l-) @ ® (O | ©
Angular correlations in B> K [l also B meson K meson Bmeson K meson
show deviations from the SM. O Bottom quark @ Strange quark O Top quark O Anti-down quark
-@-LHCb -m-BaBar -aBelle
v 2T T 2.0 T
= LHCb :
1.5 I\ . = 15}
' | ) i * i
l[ " - SM - 1L.OF ' -
0.5 - e . _
I Z 0.9 ® LHCh
- ! . B BaBar -
N . LHCb =l
0 5 10 15 20 ] S R N S
g (GeV?/ ¢t 0 5 10 1 5 20
. GeV-
Ry is ~2.60 from the SM Ry ~2.10 (low bin), 2.50 (central bin) ¢ (¢¢V7/<"
eeFACT Hong Kong 2018 Phillip URQUIJO 8 &Y VEOURNE




Lepton reconstruction non-universality

 Muons: Little to no radiation (heavy), Stable within particle

detectors, no strong interactions

e Electrons are light: Final state radiation, Bremsstrahlung in
material is likely.

o Taus lifetime is 10-12 s: background mimics signal where

daughters are lost e.g. K, Tt°.

material, averaged over ¢
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'\\ l" s _\\'\/V /" .
S .t A2-3 neutrinos
el - Impossible to fully

reconstruct By,
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KeKB
> J

SuperKEKB S

Belle Il detector

Positron ring collision point
—

———

==

J / — e

Electron ring

o e d

4
b

gy

’ \\ _‘ ‘h > | ‘ )

Electron-Positron
linear accelerator

1) Brand-new positron damping ring (commissioned 2018).

2) New 3 km positron ring vacuum chamber
(commissioned in 2016). Optics and vacuum scrubbing
In 2018. Positron damping ring
3) New complex superconducting final focus
(commissioned 2018).
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SuperKEKB/Belle Il Luminosity Profile

Integrated Luminosity [ab-!]

>
: —
ﬂ Peak Luminosity [cm2s1] S,

N

70
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40
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a0 N 0O

SuperKEKB is the intensity frontier

40x higher instantaneous luminosity than KEKB *

peak luminosity
trends at e* e~ colliders

KEKB |

7

Belle/KEKB recorded ~1000 fb-., 10%
1035_
Beam currentsonlya ~~ ~ / 1:\1034—
factor of two higher : ~
than KEKB (~PEPII) SH0
§ 1032_
‘ ‘ | 1031_
“nano-beams” arethe I
key; vertical beam sizeis— 1030
50nm atthelP ‘ ‘ 1970
2016 2018 2020 2022 2024
eeFACT Hong Kong 2018 Phillip URQUIJO
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First collisions (April 26)

SuperKEKB/Belle Il joins

100 \ RN ‘ |- DORIS/ARGUS, CESR/
Super _ CLEO, and PEP-II/BaBar

150 \
IP size: 400 pmin X, 4 pminY KEKB

200 Peak Luminosity : 7-9:1031 cm-2s-1

and KEKB/Belle.

300 -200 100 100 200 300

Probably ee —=y —qq
eeFACT Hong Kong 2018 Phillip URQUIJO




Large crossing angle nano-beams

KEKB SuperKEKB

05"

pem)
C =100 : 0.0

-5

y (gm)
0.0 -

0.5 =200

-50

X (pm)

0

S )
z (mm) J Z {mm)

200

Nano-Beam (SuperKEKB Phase2) -
Ordinary collision (KEKB) Z vertex distribution ,
E | senen s pramnay | AS €Xpected, the effective
Belle case 1999 data 53000 | s oorscn n " ! ,

80 F — . g | VMedien=-00i3em A | bunch length is reduced

- (c) S 2500  Oss=0.055¢cm - -
60 | ~ 5000 | b _- from ~5 mm (KEKB) to 0.5

! .cy ' + |+ Runs 1869-2047
10| 5 1500 | .y : mm (SuperKEKB)

20 1000 - " We measure this in 2-track
: 500 |- P . — . .
Q0000 o0 010000 20000 N Jtae=24p07 S events in Belle Il data with
-1.0em  Z(Hm) 1.0 cm crome e teml one wedge of the silicon

o=4.5mm o = 550 um detector.
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Luminosity in 2018

PEP-II design
luminosity 3 x 1033

Lpeak — 5.5 X 1033/Cm2/5

Phase 2 run, April-July 2018

03/19/2018 09:00 - 07/17/2018 09:00 JST

Integrated luminosity ~ 500/pb
Measured with ee~ ee(y), vy, pu(y)

High current trial

Max 800 mA °°F HER'? L T o _ o
(HER)  o.0p~ . i AN Vertical height of nano-beams
0.4 R4 iy 3 1 . 35
< - i ,,é‘ %14 T | c SE | | | | |
PR WY F., -d'l» 'm"‘ﬁi‘t 5“ '} 4% 260 |5 [ 10 = E
Beam g 0: L { ;' ‘.. - twmi’ l el A5 \R TR TR Lnﬂ- v urs 0 Ak T 2 f ‘e =0 - 10_8 ’ b> 3:_ + |
Current © il : - 134350 Py -
g|o6f 1 PRIRN | R ohE R e Fase| B | N
; 3 P . : o : .‘ BN -: :_.,_5200 L - 10 ol + %H —
. e .-5., L o e 40 1 2150 2 - .
Max860mA | E e 00| 3 107 F ot :
(LER) -2 TEIE s it g 1.5F o é{' =
- sty b i g . ]
| F—— h‘ —— &o 10 % 8o
e SE— I HER LER — 1__ é § ]
:“ 45_ collision collision [3; =6 mm ﬁ; =3 mm_g E ; E
§ LB optics | |optics [, =8 mm | By =4mm i 0.5~  SuperKEKB/Belle Il 2018 (preliminary) = —
E 2; Vacuum scrubbing | First Collision 'g Lpeak = 5.55 x 1033 0: |-
a1 l = (not optimized) 05/03 05/1 0 05/1 7 05/24 05/31 06/07 06/14 06/21
= | 4 Y . | e S0 A P R 1 VLSS 0L VL I Ml
¢ @hOmQS 5/1 6/1 -Lummosnyt 7/1 1/4 of KEKB Date
improvemen
4/1/2018 —— .
luminosity tuning . .
8 (final goal is O(50nm)).
D> oyl ool THE UNIVERSITY OF
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First Measurements of Beam |
Backgrounds at SuperKEKB,
arXiv:1802.01366

u.]
N

Beam background /| Commissioning s

45

[a

Phase 2 VXD Volume

Phase 12016 : Simple

background commissioning
detector (diodes, diamonds
TPCs, crystals...). No final focus. % | %8
Only single beam studies. ="

BGO

Observable
2
e

Touschek

Motivation for BEAST II:
* Machine commissioning
* Radiation safe environment for the VXD: 1 5

* Two ladders PXD
Beam gas

* Four ladders SVD 1 0

* Dedicated radiation monitors
FANGS, CLAWS, PLUME

Phase 2 2018: Full Belle Il outer detector. Full superconducting final
focus. Collisions ! Result: Safe to install silicon detectors!

']]lllll]]ll lllll]lllllll]]ll['lll]llllllll]]ll
T AT T T I e e

111l

x10°

AR I I A I A S

2 4 6 8 10 12
| mA Palum]

. ot ot e o PZ2 o,
FNA, N N 1
: Z“{:f- 2 & e
N v NN ﬁz/x>f gj NSO

Coulomb ¢ € Intra-bunch Coulomb scattering,

Bhabha scattering -
scattering Bremsstrahlung 5 100 b 2-photon 6~107 nb “Touschek scattering”

eeFACT Hong Kong 2018 Phillip URQUIJO 15
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http://arxiv.org/abs/arXiv:1802.01366

Belle Il Detector

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

Scintillator + WLSF + SiPM’s (end-caps , inner
parrel layers)

“ \
we \X\Z ji
. .!_I.-“;“ "éi@v.;" h [

EM Calorimeter:
Csl(Tl), waveform sa

atification
r system (barrel)
o Aerogel RICH (fwd)

Beryllium beam pipe
2cm diameter

.......
,,,,,,,,,,,,,,,,,

Vertex Detector
2 lavers DEPFET + 4 layers

positrons (4 GeV)

He (50%): C2Hs(50%), small cells, |
lever arm, fast electronics (Core
element)

7 THE UNIVERSITY OF
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e Central Drift Chamber dE/dx & Time of

propagation Cherenkov patterns - 2018 data

CDC dE/dx

L protons

dE/dx

" deuterons

- 2018 Prellmmar

. t. I ) M
. L et s . PO R U
L1 1 | | -1 A

'-3"|':'3':‘1";":."[5“-{.--f' LR,

107 Momentum [GeV/c]
= eeFACT Hong Kong 2018

Particle identification in 2018

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

D*+ s DO

‘0’ 20 — T T ‘0’ 20 ' 1
c C
‘o | Belle Il TOP 2018 (Preliminary) ‘o | Bellell TOP 2018 (Preliminary)
-g - D* kinematically tagged kaon g -~ D* kinematically tagged kaon
T | p=1.73GeV/c T | p=1.73GeV/c
' 0=94.1° 0 =94.1°
Pion PDF Kaon PDF
151 1og L () =-257.51 ; 157 10g L(K) =-236.38 I
1 O L ° ° = 1 0 - ° R PO—
S . A ——— PR — g —
SV 16 32 48 64 0 16 32 48 64
Pixel column Pixel column
— 60— : : : | : : : | : : : : | : : : : : :
é 50; Belle Il TOP 2018 (Preliminary) Experiment 3, run 1889, event 72284 1.0 GeVic |
40; D~ kinematically tagged kaon : 28 g:x;z i
30" prism side Mirror side ® 4.0GeVic |
20 i i slotID = 15
10; ¢ p=1.73 GeV/c _
, Op = 94.1°
Or gb/p =-50.0°
_10; X =15.5¢cm
I Zz=-69.1cm
—20r Oaip = 85.6°
_30- Pdip = -21.5° i
| 100 50 0 50 100 150 [ 2]oo
ol THE UNIVERSITY OF
Phillip URQUIJO 17  MELBOURNE
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Nice examples of signal involving photons

ete->y X
ete > Y ALP (>vy)

Ready for the dark sector !

¥=3 eeFACT Hong Kong 2018

Belle I

normalized

0.15

0.10

0.05 |-

0.00

1.00 GeV < p(recoil) < 8.00 GeV

| Vo -
L IMC e _
- —+—§Data -
 Belle II | 1 I
! ”édi é‘"("b}éii}ﬁ'i‘hé"r'y)' """""""""""""""" + -
f L dt=261 pb . I

T
-+

: + ? *
ot 00t o T I ", o
1 1 1 || 1

0.6 0.8 1.0 1.2

E(ECL) / p(recoil)
Single Photon Lines

e’ Y

A .

Phillip URQUIJO

1.5

1.0

0.5

Entries / (0.001 GeV/c?)

OO PR N [T TN T TR NN T RN U SN T U S NN SR S
0.08 0.10 0.12 0.14 O0.16 O.18

x‘IO'3 _

ot | | | =
" Belle II it ]
, t ¢ f Ldt=~5pb" —
- 2018 (Preliminary) o .
; t , E>015GeV -
- + -
- ' _
- —— Data + } -
I ¢ + ]
; . .
i R ,’ﬂ _
B “’#’ W e S, iy -0’_.
Mg g
I.“W’O..“'O’. -
- _

m,, (GeV/c?)

bl

-
“
[ R R I N &

" Belle Il (Phase 2) B

| Belle Il (Phase 3) —

¢ --*" LDMX1@4GeV —

30° LDMX2@8GeV —

S " —

B L 2 a3l L L 1 1 1| L a2 gl |
0° 1072 107" 1

m, [GeV/c]
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e Most subsystems work well.

Signal involving charged tracks

o Within days/ first calibration, neutrals and track
resolution good to better than 5%.

o Calibrated as well as Belle already!

‘“g 6000— —
o - Belle Il 2018 (preliminary) _|_ Data =
S - ILdt=250pb — Fit -
© 4000 —
c - -
LL] [ K |
3000~ s2>MTM 1 = (497.159 +0.013) MeV/c?—
- o = (3.462 + 0.075) MeV/c® -
2000 — . -
- OpatA=0Omc"1.05 -
1000— —
O_ [ | | | H | | | | | | | | | | | | | | . H .

0.47 0.48 0.49 0.5 0.51 0.52
m(n*n) (GeV/c?)

eeFACT Hong Kong 2018

Entries / (0.5 MeV/c?)

Vo particles

Entries/(0.012 GeV/c?)

Phillip URQUIJO

—t no BEN o))
[rrr[prrr[rr1

-
Qo
IIII

0.6/

/4}
0.2 janeter gy weons?

ILdt=250

" A>PTT

|

ot®

IIIIIIIIIIIIIIII_
-

¢

pb”
’

¢

Belle Il 2018
(Preliminary)

o °* -
* .o :
«'o‘f‘o.*l_'

' | | |

1.1

L1 1 raa a1y
1.105 1.11

1.1156 1.12 1.125 1.13

m(pn) (GeV/c?)
80 | n = :;.0901 + o.o|o12 E
2oF.  Bellell b -
- 2018 preliminary nbkg = 893 = 32 -
60— . nsig= 198 = 19 E
5ok det=472pb 3
g J/P > ee :

Jd L J L_J | I |
3.3 3.4
M(e*e) (GeV/c?)
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Charm “rediscovery”

¢ Opencharm, DO, D+, Ds*, D™, D"0and Charmonium J/y. Found the difficult to see D%>Ks T1°.

P IDI*’“I—;D;)(KI'nL)nI"I = §16OO§—I - + D —Kwr N —i
% E + Belle Il 2018 (preliminary) E 214002_ \ + Bellell 2018(_;1)rellm|nary)_;
E 2005_ 4 + det=472pb'1 _E 1o 12001 . det:%Opb = cl il H
£ sl E B1OOO;++H++ oo ++++ +++++ s E» . earty | ustrates the
- 1 £ 800F o Pttty o S
: 1 B ST : capabilities of Belle Il and
100F- 4 4 U e00E =
B SN 0o k- ER © the potential for charm
: + - 200 E : 1A
: . . - : : hysics and the buildin
- L e A R T R
08 182 184  1.86 1.523- 1.9 1.92  1.94 1075 1.8 1.85 1.9 195 2 p y g
M (<) (GeVic) M(K ) (GeV/c?) blocks of B mesons.
N% 30%— D" — DK é‘“? L e e e A B s s
(cg E_ T Belle Il 2018 (preliminary)_z % D* - D(KK")r* _:
= 25 = 4 y = 4 Belle Il 2018 (preliminary) = .
S framw' 38 [Lamimw - o CP Eigenstate DO9->Ks 10
g E J[ ER 2 - + J(Z Impossible to see at LHCD!
o, 1O 1 = b 4 ; ;
S s T = = AT e
077175 T8 18 19 195 + 2To+e_5 2.1 Q}H r+—+'+| .+.. +|+++1.+'+'|++.
M (Ki) (GoVich) 8 182 184 186 188 102 194

M (K'K*) (GeV/c?)

% = [HE UNIVERSITY OF
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B production ’
B pairs produced at rest in the CM with no extra particles
25 e —IIII|IIII|IIIIIIIIIIIIIIIIIIII|IIII|IIIIIIII—
| - :
= | S 6000 ﬁ‘( ~
g 2ol f'l". . ; L T data 5
e T = s \ MC total ]
g8 i 250001, MC BB -
"% 15 ] } : s ) BRSSO L F 7 \\'\-Q-' MC qq_ -
o= B :+ : i \ MC 17 g
(RCTEEE 2 : o0 F
w o1 £ ; i Belle ll 2018 -
L B Y 4 g . 3000 relimina m
> 5: + + tq-({a ‘ % ‘!Nh.q m.'b-.q“.“-"“ 00-4‘1__‘_, i Z_; Prel Y i
oL a8 128 168, & IES) W e 0w w . a\ f Ldt=15pb" -
944 946 10.00 10.02 1034 1037 10.54 10.5% 10.62 | | e 2000; _
Mass (GeV/c) Probably a Y(4S) event / :
1000 -
. We are on the Y(4S) resonance and AN -
. . . . 0O 01 02 03 04 05 06 0.7 08 09 1
recording B anti-B pairs with ~99% R,
efficiency. Event Topology (fits to R,) tells us we are seeing B’s
» Not so obvious: When we change ‘ p-| ‘ p ‘
. . _ L |
accelerator optics, we remain on Y(4S). R, = Ho/Hy H, = Z T E2 H(oos 0; j) :
1.J vis
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¢¢ - 99
. Signal region 3¢ DO sidebands
Bea Uty Red ISCOVe ry (cut-based analysis) oo oon
evts BO - DO tr - 17T g
> §evtsy 50— 0** 77 N
° = evtsfii B=—0** 77~ 17~ TN N e bt \I&’\ \
® Recreatlng CLEO & ARGUS VOLUME 50, NUMBER 12 PHYSICAL REVIEW LETTERS 21 MarcH 1983 Li? § - = \
Observation of Exclusive Decay Modes of b-Flavored Mesons  4(),7 pb'l E ) §§\ 1 l;Onojg—-Slgn combs
° ° w R \\ . a wrr
o > 200 B Ca n d Id ates I n B-meson decays to final states consisting of a D’ or D** and one or two charged pions e @ \\\ r @
. have been observed. The charged-B mass is 5270.8+ 2.3+ 2.0 MeV and the neutral- B mass 2> | 9 $ S L ’\ |
> +1.94 2. : TN
hadronic modes (470/pb)  Lesmeiaions o ] gl
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First Cosmic Ray Muon in the full SVD at KEK, August 2018
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SVD is on-track for mid-October integration with the PXD and ;¢
installation in time for the Phase 3 run in late Feb 2019. 08
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e Novelsilicon—dedicated tracking. Good for D* efficiencies ‘(’)21
<pT[-sloW> ~ ].OO MeV |

III‘IIII|IIII|IIII|IIII
* e

—— no background

—— background

III|'II|II‘I|IIII|IIIIU

O
o
o
—
—h
o
N
N
o
W
W
o

%ol=/ THE UNIVERSITY OF

MELBOURNE

eeFACT Hong Kong 2018 Phillip URQUIJO 23



: y PXD mounted onto SuperKEKB beam pipe at KEK. The full
a VXD (PXD+SVD) should be completed within weeks.

Pixel detector

S

€ qaofl ;
= 140n; | Fit function: o =\/a®+ b =
o > i pssin(0)
- 120 :: TR SRR Be”e SVD2 Cosmic (Data) BN715
2 K | —=— a=26.3=04um
3 - Belle Il single track events (MC)
&) 80: ......... ................. feaeme = 115i01um
'S 50 L\ b= 17.9 0.2 um GeV/c
N . : : : : : : :
40
20
— O |
o 24
g 2.2
b 2C
> 1.8
3 1.6F
CDO O

pBsin(0)°? [GeV/c]

e Impact parameters: oqoBelle 11 <0.5 x 040 Belle,
Mass: om Belle [1 ~ 0.7 x om Belle
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Belle (I1) Reconstruction

o Belle (ll) analyses use
semileptonic and
hadronic “tagging”.

e Based on Mmi<s2 and
calorimeter extra

energy Eeci/extra
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Belle (I1) Reconstruction

o Belle (ll) analyses use
semileptonic and
hadronic “tagging”.

e Based on Mmi<s2 and
calorimeter extra

energy Eeci/extra

O(e'e¢” —Hadrons)(nb)
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Belle (I1) Reconstruction

o Belle (ll) analyses use
semileptonic and
hadronic “tagging”.

e Based on Mmi<s2 and
calorimeter extra

energy Eeci/extra
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Belle (I1) Reconstruction

o Belle (ll) analyses use
semileptonic and
hadronic “tagging”.

Semi-Inclusive
hadronic ‘tagging’
side

L Based on Mmi552 and
calorimeter extra

energy Eeci/extra

Signal side

et [HE UNIVERSITY OF
o

MELBOURNE

eeFACT Hong Kong 2018 Phillip URQUIJO 25



hadronic B /B tag
I L L L L B L L L L BN LR BB

Belle Il preliminary / At L — 0.5

120

B-full reconstructionin 2018
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e Recursive reconstruction [ Tracks ] [Displaced Verticesj [Neutral Clusters] E 803_ W sina Nipo o = 182 4+ 24 —f
algorithm (FEI): s F E
+ + + + 0 - :
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N\ 2 :

« Boosted decision tree L\\s‘\ ] o e
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B> D* tT- v Measurements

e Belle: Semileptonic tag, 772M B anti-B pairs

e BO-> D* 1+ vVv:231+23(stat) events
BO » D*- |+ v: 2800+57(stat.) events.

e R(D*)=0.302+0.030+0.011

~ 10°F

O ;

8 |

8 102 1o - Others .

- 3 s

O Z
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>

W10 -05 00 0.5 1.0
Ong
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Events/ (0.05 GeV)

Belle PRD 94, 072007 (2016)

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

LHCb arXiv:1711.02505

cos@

sig
B—D™1

0
0.0

02 04 06 08 10 1.2

E. [GeV]
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LHCb arXiv:1711.05623
BaBar had. tag | :
0332 0024 0018 ; -
Belle had. tag
0293 +0.038 £ 0015 | -
0270 = 0.035 + 0.7 §
LHCb E |
0336 £0.027 =0.030 | ; h
LHCD (hadronic tau) |
0.285+0.019 0029 *

Belle sl.tag
0.302 = 0.030 = 0.011

Belle (hadronic tau)

Average
0.304 £ 0.013 = 0.007

S. Fajfer et al. (2012)
0.252 + 0.003 ol

‘ FPCP 2017 \
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Bé D (*) T V Belle Il Physics Book

o Bellell should confirm/deny anomaly with et £ o
5 ab-1 ”j/< }f/< ” ”
2 ) ) . < - ot g

o« Determine the type of mediator by
analysis of kinematic spectra with 50 ab- 1

S+

—~ 0.5
Q B Belle Il Projection
as | —— Belle Combination -1 -1
- 5ab1550ab
0.451— LHCb
a —— World Combination
- . SM prediction: PRD92 054410 (2015), PRD85 094025 (2012)
04—
0.35—
0.3—
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0.25— =
: 1 o contours
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Bé D (*) T V Belle Il Physics Book

o Belle ll should confirm/deny anomaly with
5abl //< }/< / /

« Determine the type of mediator by
analysis of kinematic spectra with 50 ab- 1

~ 0.5

o Belle Il Projection 9 B +
o | —— Belle Combination -1 -1 - -
- — Babar 5 ab -)50 ab 0)1 200__
0.45 LHCb >
~ — World Combination LL -
— - SM prediction: PRD92 054410 (2015), PRD85 094025 (2012) 1 OOO | +
0.4 - +
B 800 -
0.35— T i +
: 600
0.3{— 40 O% 50 ab-1 projection of the
- SE— B subtracted q2 spectrum
0.25 + 200 in B> D* TV (HT)
: 1 o contours
_I ) L L T T O
0 s o 04 o4 o5 omE 06 4 5 6 / 3 9 10 11 12
R(D
) o? (GeV?/c?)
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B->D(*) TV

o Belle ll should confirm/deny anomaly with
5abl

« Determine the type of mediator by
analysis of kinematic spectra with 50 ab- 1

—~ 0.5
) B Belle Il Projection
o | — Belle Combination 5 ab-l 550 ab-l
— —— Babar
0.45 — LHCDb
| —— World Combination
- . SM prediction: PRD92 054410 (2015), PRD85 094025 (2012)
04—
0.35— /\
— —_——
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15 contours
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|Vu b | a n d Bé lV ’ e E. Kou, PU et al. arXiv: 1808.10567

| [ab1] o |Vub| [%)]

e |Vup| only measured to about 10% u v
50 B>1tlv 1.2

accuracy -»> 1% at Belle Il. ]

b s
, . B>TvV 1.5-2
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v expected with <5 ab-1.
u 14
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|Vu b | a n d Bé lV ’ e E. Kou, PU et al. arXiv: 1808.10567

| [ab1] o |Vub| [%)]

e |Vup| only measured to about 10% u v
50 B>1tlv 1.2

accuracy -»> 1% at Belle Il. ]
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SM favored SM disfavored,
enhanced with RH current

br /\f\& ’ b, N

C P V. l t '
helicity flip ) s

\)
K
e ;@ 0.7%, P,<1°, P3~1° 8 < Q B e

o Search for new phases in b->s gluon and B, _— b

EW penguins d d \/%%\yﬂ 2

o TDCP Violation flavour tagging atBelle Il . @jyonic Penguin - EW Radiative Penguin
~ 35% (NP sensitive) (NP sensitive)

(ph

ase of Vyp) - B>DOIKE) (phase of Vyp) - B>DUIK()
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CKM Global Fit Projection: Belle Il E. Kou, PU et al. arXiv: 1808.10567
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CKM Global Fit Projection: Belle Il E. Kou, PU et al. arXiv: 1808.10567
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The RACE for R(K*) NP discovery iyt

off = — —— Vi V"
Hlet N

Belle Il can do both inclusive and exclusive. Xi:(@-@: + C;0;) + h.c.

Equally strong capabilities for electrons and muons (LHCb not as good for €)

Og = (57, PrLb)((4"¢),
O10 = (57, PLb) (I 54)

0.16

>
= Belle Il  Projection (Feb 2018)
)
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D
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- o
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T Lepton Flavour Violation

Example LFV decay

LL
topology y
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Note vertical log-scale (50 ab-1assumed for Belle II; s00
3 fb-1 result for LHCb 200 |
100 F
Belle Il will push many limits below 10-9; =~ ot
. . S 1.5 -
LHCb, CMS and ATLAS have very limited :
oo, o Q05 ] el
capabilities. 25 3 as
M, . [GeV]
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Roadmap

e Our most powerful tests will
continue to be statistics 2
limited, clean theoretically g
and systematically. '§,,_..

= 8

2 )

S

g

x103°
O

Peak luminosity
(cm2s™)

T>1PvstT-> 3P
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T LFV Discovery

B->Kvv SM

Discovery
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New physics
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New Physics

ee-> Tr(y)
ee>A" (XX) Y | | precision p(g-2)
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E. Kou, PU (Editors) et al., arXiv:

S Uumma ry 1808.10567 (688p), Submitted to PTEP

. . L D BELLES PAVER 2008 01
e Bellell will explore New Physics on the Luminosity or </ FERMILAB-PUB 18308

Belle IT INT-PUB-18-047

Intensity Frontier.
The Belle II Physics Book
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) . . . F. J. Tackmann!6:9, M. Tal}aka%ﬁ, A. Taydquganovms"l, ; .
G. Tetlalmatzi-Xolocotzi% ¥, T. Teubner!¥:, A. Vairo!1%:9, D. van Dyk!10.1,
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Y. Chen!3%8 B. G. Cheon?®§, K. Chilikin™8, K. Cho%%, J. Choi'4$, S.-K. Choi?":,
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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

eeFACT Hong Kong 2018

e TLFVisan excellent example.

)
£ | = x
e : — b~
= &) X el - N — —
) i © ~ . 0 wow e
N 9 - Ne — ~ —
< > ~ won ) — — L ~
+~ g.JO AN OO ~ g N@) Jop n CQ,;‘) ~
o o0 - - 0 & D ~ S 3 O
= 2 N — ) o= — b= < X 3!
or— m Q ~— o o) \OOO/ - N D]
~ o o o D 910 o) Q »n
O e = > = S0 — — o Q,
o = = 9 = | ! = = s
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 * * %% | O
T — pmd * % % | * *k X | kK ok X * k% | X | Kkkk N O
T — uKg * * % * * X * X * X * * % O O
T — pup® * % % | X *k X | kK ok X * k% | X | Kkkk ] 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
oqle avi— [HE UNIVERSITY OF
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CP Violation

Sl
o &@}0\6 N \\6& \ Q@\O

G oof ST g @Y
B — J/YKg b1 * * % 5-10 *ok
K >90 K
ok >50) ok
* * * >50 *
* % — *

Kk >50) * K *

Kk >90 * K *

Gluonic Penguin

(NP sensitive)
b W

o Constrains

penguin pollution @
(theory precision) ¢

|
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Flavour Tagging

e Categories based on different signatures .
Categories cet(70)  Acer(N) ot
Electron 5.26 —0.05 > K —
IntermediateElectron 1.06 —0.02 o+
Muon 5.0 —0.02
IntermediateMuon 0.17 —0.01 - o
KinLepton 10,86 007 _- gizzzz _________________ ___________________ ___________________ o
IntermediateKinLepton | 0.98 — —0.04 EI S B T T O
Kaon 2183 —172 o I I ——
KaonPion 15.12 —0.87 g 4000:'?._; ____________ ___________________ ___________________ SSSU W N T S |
SlowPion 796 —0.23 R P S
FSC 13.11 —0.33 o S N I N O O N M e
MaximumPstar 13.24 0.39 T e T T
FastPion 2.58  —0.06 10°—— — Lo
Lambda, 1.98 0.36 § ol K- . = 1 R SR B~
~ corsf
P Be“e l1: 3590 (Varles W|th release) El();g_ j _________________________________________________________________________________________________________________________________________________
sl
o few% less w/beam bkg S I
< 2008
e Belle (this algo): 32% Z . I Ll N NN O O
10" L 1 | B 1 ant 1 1 1 1 1
e Belle (old algo):29% —1 —0.5(qm.(;/(m)i\_‘mm 0.5 0 0.1 0.2 <r§§)T> 075 1.0

D
o
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Time dependent CP Violation with Penguins

Channel [ L Event yield o(S) o(S)2017 0c(A) o(A)017
J/YKY 50ab-!t  1.4-10°  0.0052 0.022  0.0050  0.021
dKY 5 ab~1 5590 0.048 0.12 0.035 0.14
n' KY 5 ab! 27200 0.027 0.06 0.020 0.04
wK? 5 ab™! 1670 0.08 0.21 0.06 0.14
Kgm%y  5ab™! 1400 0.10 0.20 0.07 0.12
Kgm 5 ab™1 5699 0.09 0.17 0.06 0.10
Mode QCDF [27] QCDF (scan) [27] SU(3) Data
™Ks  0.07790 0.02,0.15] (—0.11, 0.12] [41] —0.114917
P’Kg —0.08709% (—0.29, 0.02] —0.1419-38
nKsg  0.0179% 0.00, 0.03] (0 +0.36) x 2cos(¢;)siny [42] —0.05 + 0.06
nKs  0.10707] (—1.67,0.27] —
oKs  0.02700; 0.01,0.05] (0£0.25) x 2cos(¢y)siny [42]  0.061) 13
wKs 0137008 0.01,0.21] 0.03%05;
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Error on sin(2p) -
ot.
from B = J/y Ks
LHCb 22/fb 0.014
Belle Il 50/ab 0.007

Time dependent CP Asymmetry
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Leptonic and Semileptonic Decay

pa
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
( 1lg) = ‘ e 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 Aig = (Mp —mi —m3)” — dmimy,
the full rate, described by heavy quark expansion (o = m + 12 (m] —Qm%)Q
M )
GFm B
F(B — XCKV) g H/cb‘ H - AeW]AnonpertApert] Bry = 1 mi +m3 i
2T 12 q2 .22
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Golden modes for Belle Il

N\
0
D
qeﬁj\\
o Least well
e :
e q‘b\p\ q : 4{(/\,\)% Q\) \© ‘Z}»\g east we
o \Q%eﬁ X@o& . AW \)«2\ R S Q .
3 O T T /constramed CKM
B — 7/ V. * % % 10-20 * * % * % % Kk *
e Vus 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**ly, Br. * - Kk * % % ok -
s T
+ A + 7 +
W—I— 1 H—l— 1 é 1 b Z b g
/ / W+ H+
b < < c b < < cC p—¢—"~- E --<<4—¢C
q > q (q > q (g > q
U VU %
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Signal:
B>Kvyv

Tag mode:
B-> D1t; D> K1t

J ‘

eeFACT Hong Kong 2018
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Ry(+) €xplained by V-A contributions of

S3 =(31311/3)
b M
e
|
g4/3
| 3
|
s u
or—{ Predictions |
‘22 8
X
"6
|+=L
Xy
T
Q
xQ 2
Belle excl.
O e
1.0 1.5 2.0 2.5 3.0 3.5 4.0
RY)=B(B-K"vv)/B(B—K*yy)
S. Fajfer ICHEP 18
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43 MELBOURNE



B> KM vv

Rate of b>svvisapureZpenguin (Cgy), and only accessed at Belle I

Observables Belle 0.71 ab~! Belle IT 5 ab~! Belle II 50 ab™!
B(B+ — KJFVE) < 4507% 387 127 RK(*)eprained by V-A contributions of
B(BY — K*%vp) < 180% 35% 11% S3=(3,3,1/3)
FL(BY — K*up) - - 0.11 -
B(B® — vir) x 108 <14 < 5.0 <15 4/3
B(BT > Ktrtr) x 10° < 32 < 6.5 < 2.0 i
B(BY — 7777) x 10° < 140 < 30 < 9.6 - "

| Predictions | ,

Signal: T

B> Kvv |

Tag mode: [ Y
B>Dm;D>Kn i O

eeFACT Hong Kong 2018
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Belle excl.

1.0 1.5 2.0 2.5 3.0 3.5 4.0
) * ¢ SM
R)=B(B—K"“)vv)/B(B-K™"yy)

S. Fajfer ICHEP 18
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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
] eemumu_MC10 BGx1
1 mixed_MC10_BGx1
[ charged_MC10 BGx1

10

visible energy in CMS (GeV)

B Signal

1 udsc_MC10_BGx1
[ ee_MC10 _BGx1

[—J mumu_MC10 BGx1
[ eeee_MC10 BGx1
[ eemumu_MC10 BGx1
1 mixed_MC10_BGx1
[ charged MC10 BGx1
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_|_ 2 Ebeam T E37T)(E37T T P37T)

| | | | | | | | | | | | | | i
- Belle II 2018 (Prellmlnary) P1= 17778 = 0.0048 | _
- - P2 = 0.0144 £ 0.0053 [—
- . P3 =-23.00 = 5.7 ]
- P4=105=29 .
LR s +++\ P5 = 3.6 + 4.3 _E
- * - x?/dof = 0.7199 -
:_ Nevts = 791 _:
" 4 Data E
:_det=291 pb” n pus
B l l l | l l | l l l l | l l l l l l | l N

HHM%%#W

1.72

1.74

176 1.78

8 1.82

1.84
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Direct CP Violation

®; relies on AF=2 (mixing+decay), but we can also use AF=1 (direct) as a precise probe

A = Aje P1el01

I
|
' f
B »» f ' » u b < m - d, 3 b d 3
|
. - _ q u U
: e TR B K
: u u
' l i d,s l,s - d,s d,s d, s
' T P PA
' W
| b < m - d.3 b . < T
d,s
—_— ZCDZ 252 . . ) 70/ u
- 4N — —1Q2 10 /1 |
Ag = Age'P2e cp Ao = Age~ 2102 ) <
u d,s

CPV: |Af|2 # |A#2 = A¢ and A # 0

For CPV A; and A, need to have different weak phases ® and different CP invariant (e.g. strong) phases o.
To measure @ you need to know 6, and ratio of amplitudes -
e.g. in y/®3 measurements the relative strength of V,, and V., processes and colour suppression.
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Towards Phase 3 and the Physics Run

SVD +x half-shell, Jan 2018 KEK

The VXD will be installed in Phase 3.
Restart Belle Il data taking in late February
20109.

PXD layer 1 ladders, F

eb 2018

-

- ’____l:l-—l‘_‘x'b_‘

z o .‘ ” ‘, !
~ gl L L L

\ .'Jm: : ~'!|l!|-- "!“

—————— EIARSRE VL — -

First PXD half-shell being tested at DESY, July 2018
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