First Look at CKM Parameters from Early

Belle IT Data

Pablo Goldenzweig

ICNFP 2019
Crete, Greece
21 - 29 August 2019

SKIT

Karlsruhe Institute of Technology

D
<O
Belle I




The Need for Belle I1

Strong evidence that physics beyond the SM exists:

— Temperature fluctuations of cosmic background radiation and rotation
curves from spiral galaxies indicate existence of Dark Matter.

— CP violation predicted by the CKM matrix is several orders of
magnitudes too small to account for the observed matter anti-matter
asymmetry in the universe.

Intensity Frontier Experiments:
Indirect search of New Physics through quantum effects.

New Physics

g N,

Belle IT produces large quantities of b quarks for such searches.
+ +

Fore'e — 1 ' T ,e.g.,
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Physics of an e*e”™ B Factory
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Belle 11 PhySiCS Plenary by L. Vitale

Broad program to search for New Physics in B, D and T decays

e New CP violating phases? [All MC plots/projections shown today]

Obscrvables Expocted the. acen- Expected Tacility (2025)

= CPV in B and D dccays‘ racy exp. uncertainty

UT angles & sides
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https://arxiv.org/abs/1808.10567
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CKM Matrix & Unitarity Triangle

The weak interaction couples different generations of quarks

d, Vud Vus Vub d
S = Vea Ves Va S
' Vie Vis Va b
- =

v~

CKM Matrix Mass Eigenstates

Weak Eigenstates

The value of the CKM matrix elements are not predicted by the SM and
must be determined by experiment.

' d B s - b [_\ d S b
e 4
- - _
u n’——ég Ke==/? Bté;;
V L£7 N Lf—_
= c et 4 [ — =V
— _| ¢t w
t B'Bq B’ |B,Bd B, \-d\b
- ~/

P. Goldenzweig CKM Paramete Belle IT



CKM Matrix & Unitarity Triangle

The weak interaction couples different generations of quarks

d Vud Vus Vub d

/
S = Via Ves Vi S
b/ V;fd ‘/ts ‘/tb b
~~ - =
CKM Matrix Mass Eigenstates

Weak Eigenstates

Unitarity implies: Vognr VgKM =1

/A2

I

Vea Voo

Via Vi

ub

=
Vea Vi

V;4Viy = 0 represents the
orthogonality condition between the
first and third column of Vg .
All lengths involve b decays.

(0,0) (1,0)

The angles can be written in terms of CKM matrix elements as:

*
ud Vub
Belle II

. .
V.,V Vv, V, Vv, Vv,
¢1 = arg {— 7‘;‘1‘,&"], ¢2 = arg [—7‘,“1 Lp ], ¢3 = arg {—7‘}”"/&”]
td Vtb cd Veb
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CKM Fits
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CKM Fits

0.7

——— T T
g ! Amg& Am, _ 3
06 é i Amy Summer 18—
i 1 E
05 8 —
© 1 —
3 =
04 3 / =
= 8 : J
03 =
! o, E
02 ! =
0.1 4
AN ) 2 J
0.0 T BT . B L PRI I B B
-0.4 -0.2 0.0 0.2 0.4 06 0.8 10
p

Global CKM fit: 68% CL.
CP conserving: |Vip|/|Vip|, Amy, Amgy, BT — 770
CP violating: sin2¢;, ¢y, @3, €.

Tree: ¢-(DK), ¢o from Isospin analysis.
3 2 )

Loop.




CKM Fits
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CKM Fits
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CKM Fits
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CKM Fits

T T T T T T
- v ! —
0.6 é‘ ' Amy & Summer18
=E 1 =
05 5 sin 2 . —
g ¢1 ! sol\wheos 20, <0 ]
3 ' (excl, at CL > 0.95) .
E < J
04 —3 ' —
E g * =
1= £ e g J
03 —
E ! % E
02 — | =
01— =
C AN ) %, ju

00 Em v v 1 PR S S U TSR B § R
-0.4 -0.2 0.0 02 0.4 0.6 0.8 1.0

p
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Tree: ¢3(DK), ¢9 from Isospin analysis.

Loop. = Still room for corrections from NP at O(0.1).

P. Goldenzwei KM Paramet



Lesson from Flavor

Unwise to assume 0.1% is “good enough” in flavor.

1962: “A special search at Dubna was carried out by E.
Okonov and his group. They have not found a single

K; — 777~ event among 600 decays into charged particles
(Anikira et al, JETP 1962). At that stage the search was
terminated by administration of the Lab. The group was
unlucky.”

1964: Cronin & Fitch observed 45 K; — 27 decays (out of
22,700 Kaon decays) a long distance from the production

point: B(K; — 27) =2 x 107°.

NUMBER OF EVENTS

27 decay 37 decay cos 6
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Intensity Frontier: SuperKEKB Accel
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Doubling the beam currents.
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2019 Spring Physics Run

Belle Il online luminosity Exp: 7-8 - All runs
030 Integrated luminosity [fb=1]
o BB Day per Day F6
= e Total -
= 0.25 5
5 Total [ £ dt =6.49 [fb~!] 5 <
[ >
u =
a w
> 0.20 ] L4 2
& =
g 3
=
E 0151 15 2
©
3z o
et L
£ b=
o 0.10 Lo &
3 w
£ =
= [
[i*}

B 0.05 L1
0.00 f -0
5 & & & & &

e
P P + P P P
Date Plot on 2019/07/01
34 .
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The Belle II Detector

e —
LEM Calorimeter—{—— = Ki-Muon
150° 1 \- Detector
X
7°
e e
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@1.5T
i
i = Drif : 7
Ver PR Barrel and Forward
Chamber ‘ L Particle ID Detector

Tmage: C. Marinas
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First BB Event in Phase 3
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C P Violation Measurements

CPV in mixing

Direct CPV in Decay C PV in the interference

between mixing and decay

Scp
1B ——>cp)

|B>L>|f> \ /

|B)

P(At,q) = <

—|at| /T
|1Atl/T o

4T
BO

[1+ qg(Acp cos AmgAt + Scp sin AmgAt)]

P. Goldenzw
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C P Violation Measurements

CPV in mixing Direct CPV in Decay C PV in the interference

between mixing and decay
m ACP B SCP
B £ |B) By———>If) IB) > | fer)
A 1 \ 7
|B)
—lat|/T o

P(At,q) = ﬁ [14 q(Acp cos AmgAt + S p sin AmgAt)]

Key ingredients:

e Vertex position
measurement. e R <o

e B meson flavor
tagging.
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Vertex Detectors

.._-' - A “\

__al

PXD mounted on beam pipe PXD combined with one half of SV

Fitfunction: o =|/az+[—b__T
' [ nBsm(e)”}

Belle SVD2 cosmic (Data) BN715
—=— a=263:04ym
b= 32.9 0.8 um GeVic

o 1°° pixel layer at r = 14mm to IP.
[Belle at » = 20mm)]

EREOTITEES

Belle Il single track events (MC)
..... a= 115+01um
b= 17.9 £ 0.2 ym GeVic

z,-Resolution o [um]

Improves vertex resolution along z-axis.

e Larger SVD w/outer layer at r = 135mm.
[Belle at r = 88mm]|

T
II ]/]/

N
S
T T ITTTIT

Higher fraction of Kg’ with vertex hits

improves vertex resolution.

[
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i
7

o
pBsin(@)*? [GeVic]

]
°

]
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D Lifetime Measurement: D*T — [DO — K*Wﬂ ol

Lo SRS A B R B R e
© r 1

Requires the reconstruction of 2 2 3505 «pata Belle Il Preliminary
: . o £ Wsigna det:o.sMb’l ]
vertices: w0 300F E
8 é Eaackgmund é

3250__ = Model =

@ 200 E

2 200: E

g F ]

1 150 -

100F E

50F 3

[)U(’.\'!rupo/ul(*d production point  beam spot JC_: : t L L.
.8 1.821.84 186188 19 1.92194

m, , (GeVv/c?)

1) D° decay vertex from K and w daughters.

2) D° production point from the reconstructed D° momentum and crossing of .

= Calculate D° decay length: Lg.. = (rdecay - rpwduction) ‘Pp-

_ mplg
= lhight = —cpp

Belle IT 21.8.2019
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D Lifetime Measurement: D*T — [DO — KVTJF} T

Tpo = (380 % 40) fs

~— TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT
8 10%F E
- [ eData Belle Il Preliminary 3
S| P IL dt=0341" ]
~ |- -
ﬂ DCE background
c
() 10 E == Model 3
> = 3
L L ]
1= E
107" e

t o (PS)
D
Clear demonstration of the combined performance of the PXD and SVD
T;E’G = (410.1 + 1.5) fs
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Flavor Tagging
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Flavor Tagging

Belle II MC (Tracks) 6LMCI\:ster9 @CLCI\I]sters) q-r
'

o 100000 —-— Both N . l
g BY

80000

— 1]
B L o—_

60000 ‘

10000 h\. JJ
- e .
20000] | EEEET N o T

Number of Events / (0

Combiner

e Total expected tagging efficiency:
Ye; x (1 —2w;)” = (37.16 £ 0.03) %.

[30 — 33% @ Belle, BABAR]

e Dilution factor r due to mistag w:
r=1-2w=

AR = (1 —2w)- Acp
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Belle IT Prospects for ¢,

¢§3KM Fitter _ (22.51%128) '

J/

Most precisely measured UT parameter:

Tree-dominated b — c¢s golden mode
B° — J/v,ng Acp =0, Sgp = sin(2¢,):
— Theoretically and exp. precise.

— Expected total uncertainty d¢; < 0.1°
-1
w/50ab” . ;B0

21.8.2019
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Belle II Prospects for ¢,

Most precisely measured UT parameter:

Tree-dominated b — c¢s golden mode
B® = J/¢YKg3 Acp =0, Scp = sin(26,):
Theoretically and exp. precise.

Expected total uncertainty d¢,

First J/yKg peak (N = 26.9 & 5.2)

[¥]

with Belle IT. My, =/ B

¢CKM Fitter (
1 =

22,5152

.)O'

Belle IT

«— 15— —
2 Belle Il 2019
% Preliminary
o Ldt-2621b" [
% 10F
c
=3
Q
o
1 +
G. 1 1
52 522 524 526 528 5.
M, [GeV/c?]




Belle II Prospects for ¢,

Most precisely measured UT parameter: QS?KM Fitter _ (22.511“81‘2‘3) .

Tree-dominated b — c¢s golden mode 2 Belle Il 2019 ' |
B® & J/YK2 Acp =0, Sgp = sin(2é,): 2 Preliminary
. . e Ldt=2.62f" <
— Theoretically and exp. precise. 2 10r E
— Expected total uncertainty d¢; < 0.1° g
W/50ab71. s
— First J/$ K peak (N = 26.9 £5.2) +
with Belle IL. M. = \/ ... — 5
1 1 1

0
52 522 524 526 528 53

T -1
e ('P asymmetry projection @50ab . 2
M, [GeV/c]

o
>
T

Asymmetry

o
N
;
——
-
*re
>
-
*t”
-
I

. i
0 t‘ = j{ r
Hy g Byl
&
-0.2f ‘iﬂ :'
* “:’ o JYK, ($=070)
odl Oos! 4 oMK, (5055
) L | |
-10 -5 0 5 10

At (ps)
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Belle II Prospects for ¢,

Most precisely measured UT parameter:

¢CKM Fitter (
1 =

22.51t8:i§;) .

Tree-dominated b — c¢s golden mode 2 Belle Il 2019 ' |
BO N J/ng Acp =0, Sgp = sin(2¢1): % Preliminary
. . e Ldt-2621b" <
— Theoretically and exp. precise. 2 10r E
c
— Expected total uncertainty d¢; < 0.1° g
W/50ab71.
5 i
— First J/$ K peak (N = 26.9 £5.2)
with Belle IL. M. = \/ ... — 5
- 0 1 1 1
e CP asymmetry projection @50ab ™+ 52 522 524 526 528 53
M, [GeV/c]

0.4 i T T
Belle I IL =50ab  gee,

.
* ok

#ﬂ *:*%

Asymmetry

Gluonic-penguin-dominated b — qgs

Sensitive to NP in loop

[ M * + ]
T Wl
L 4 *
+ .
o2 L
L othike Ly K, (§=0.70)
ol ‘ A‘ K, (s=‘ass>
-10 -5 0 5 10

P. Goldenz
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(e.g. 1 K% w/o competition from LHCb)




Belle IT Prospects for ¢,

.. CKM Fitt 1.7\ °
Current precision: ¢ e — (91.6:,1)

e Sizeable penguin contribution:

Acp £0, Sap =1 — AL p sin(2(éy + Ady))

Belle IT


https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.65.3381

Belle IT Prospects for ¢,

.. KM Fi 1.7\ °
Current precision: ¢y ftter (91.6:_0

e Sizeable penguin contribution:
Acp #0, Sap = V1 — AL p sin(2(é + Ady))

e Penguin pollution can be estimated using
SU(2) Isospin analysis to B — 7, pp.
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Belle IT Prospects for ¢,

BY & 7070 (71'0 — e+€,’y)
.. CKM Fitter 1.7\ ° 0 W, =002
Current precision: ¢5 = (91.6:,1) . & soonf '+ 0.01ps
S oo __0,=114
. . . . = = + 0.03 ps
e Sizeable penguin contribution: £ oo
o — I
Acp #0, Sgp = V1 — Agpsin(2(¢g + Ady)) 2000F
e Penguin pollution can be estimated using 1000
SU(2) Isospin analysis to B — &, pp. o2 . o
AL - A" [ps]

[ ] Sﬂ_oﬂ_o never measured.

Challenge: B° decay vertex reconstructed
based on v conversion and Dalitz 70 decays
with IP-tube constraint.

Belle IT


https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.65.3381

Belle IT Prospects for ¢,

BY 5 2%0 ¥ 5 etey
.. CKM Fitt 1.7\ ° 0 W, =002
Current precision: ¢ wer — (91.6:,1) & s *s 001 ps
o 0y, =114
. 3 . . = 4000 T +003ps
e Sizeable penguin contribution: £ oo
2 ir
Acp #0, Sgp = V1 — Agpsin(2(¢g + Ady)) 2000F
e Penguin pollution can be estimated using 1000
SU(2) Isospin analysis to B — &, pp. o 2
A A ps]
° S 0 o never measured Combined inputs from B — «w, pp
T : (—') 1
0 .
Challenge: B~ decay vertex reconstructed —0.8F
) . 0
based on ~y conversion and Dalitz w~ decays 0.6-
with IP-tube constraint. 0.4b
e Expected total uncertainty on ¢, with the 0.2-
combined inputs from B — 7, pp is 0.6° o
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.65.3381

Belle IT Prospects for ¢s

. CKM Fitt 0.99
Current precision: ¢ e — (65.81:,66)

e The standard candle, along with |V,;|/| Ve l:

b3 = arg| V|-

Very precise theoretical prediction of

53 /b5 ~ 107"

Limited by the small B of the processes used

in its measurement. Large experimental gain

can be made with Belle II.

b — cus and b — ucs tree amplitudes in Bt

meson decays to open-charm final states.
AP (B~ L D0K")
pfavor (B’ *}DOKi)

_ TBei(tsB—‘P:z)

Possibility of DCPV in the interference
between same final state for D° and D°.

Q Belle IT
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Belle IT Prospects for ¢s

. CKM Fitt 0.99
Current precision: ¢ e — (65.81:,66)

e The standard candle, along with |V,;|/| Ve l:

b3 = arg| V|-

e Very precise theoretical prediction of

53 /b5 ~ 107"

Limited by the small B of the processes used

in its measurement. Large experimental gain

can be made with Belle II.

b — cus and b — ucs tree amplitudes in Bt

meson decays to open-charm final states.
AP (B~ L D0K")
pfavor (B’ *}DOKi)

_ TBei(tsB—‘P:z)

Possibility of DCPV in the interference
between same final state for D° and D°.
Re-discovery of B~ — DK™ . Fit with

high-p PID: Ny = 38 + 8 (60).

AE = b‘/)’ - b‘lﬁ(‘;\m

Candidates per 0.015 GeV
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Belle IT Prospects for ¢s

CKM Fitter

Current precision: ¢3 = (65.81f?:22)

The standard candle, along with |V,,;|/|Vel:
b3 = arg|Vyp|.

Very precise theoretical prediction of

53 /b5 ~ 107"

Limited by the small B of the processes used

in its measurement. Large experimental gain

can be made with Belle II.

b — cus and b — ucs tree amplitudes in Bt

meson decays to open-charm final states.
AP (B~ L D0K")
pfavor (B’ *}DOKi)

_ TBei(tsB—‘P:z)

Possibility of DCPV in the interference
between same final state for D° and D°.
Re-discovery of B~ — DK™ . Fit with

high-p PID: Ny = 38 + 8 (60).

AE = b‘/)’ - b‘lﬁ(‘;\m
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Candidates per 0.015 GeV

suppressed

High-momentum PID

T T
Belle Il

2019 (preliminary)

407J—Ldt:2621b1

o Data
— Total it E
B
- B . DK’ signal ]
<<<<<< Background

. DY signal

0.1 015
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|V.p| and |V;| via Missing Energy Decays

Several key B decay channels for measuring CKM elements
contain neutrinos in the final state: B — D(*)Kﬁg, Bt £+u£

1/1
W-
-
b C
B \Z3 D&
u - u

Cannot be directly

P. Goldenzweig
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|V.p| and |V;| via Missing Energy Decays

Several key B decay channels for measuring CKM elements
contain neutrinos in the final state: B — D(*)Eﬁe, Bt £+I/£

fitter
Summer 18

< |Vyup| from inclusive and
exclusive semileptonic B

sol.wicos 26, <0
(@ atcL>095)

decays.

o
S

— |Vyp| from Bt & T+1/,_.

< |Vupl/IVep| from Ay
decays.

Joy /2% A F TR YRTR NNTR FAATA I

B
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|V.p| and |V,,| via Missing Energy Decays

Several key B decay channels for measuring CKM elements
contain neutrinos in the final state: B — D(*)Eﬁe, Bt £+I/£

T T T
Amy& Al
9 Amy e

fitter
K Summer 18

< |Vyup| from inclusive and
exclusive semileptonic B

sol.wicos 26, <0
(@ atcL>095)

decays.

o
S

— |Vyp| from Bt & T+I/T.

< |Vupl/IVep| from Ay
decays.

Joy /2% A F TR YRTR NNTR FAATA I

B

Take advantage of experimental setup of B-factories:
e BB pairs are produced without any additional particles;
e Detectors enclose the interaction region almost hermetically;

e Collision energy (initial state) is precisely known:
P+ +P,- =PB+PB
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B Tagging
Inclusive Tag
A = 0@00)% —Cfé
Consistency of By,

2 Semileptonic Tag v
2| c=omw —a/\D\,
3= Knowledge of By,, % <
=

Hadronic Tag
e=0(0.1)% —P//< N
Exact knowledge of B)\<

tag
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B Tagging

Exclusive Tagging:
The Full Event Interpretation (FEI)

Track? VO obj eCtT chlust; ECLClusters
Inclusive Tag NS — .
A = 0(100)% ¥ W -
Consistency of By,, To) N | £
2 Semileptonic Tag = g ;
| ecomn —£LS |2
& Knowledge of By,, Ty 5
=
Hadronic Tag / Hierarchical tag-side B-meson re-
e=0(0.1)% —6 \ combination algorithm for Belle II.
Exact knowledge of B

tag o Utilizes ©(200) decay channels with
BDTs trained for each decay.

e Reconstructs O(10k) unique decay
chains in 6 stages.

e 3x higher MC reconstruction effi-
ciencey than

P. Goldenzw CKM Parameter Belle IT 21.8.2019


https://arxiv.org/abs/1807.08680
http://dx.doi.org/10.1016/j.nima.2011.06.008

2019 Belle II Data £ = 0.41 fb_ "

Tag-side BT meson classifier output. Exclusive Tagging:
Belle Il preliminary [cdt=0411" The Full Event Interpretation (FEI)

Y(45) BB

== Continuum B ) )

s MC stat. unc Tracks | | VOobjects || KLMClusters | ECLClusters
f oata —

Candidates / (0.12)
w s v oo

3

5 2
= %
307535 20 <15 <10 =05 00 )
109(Pag)
Tag-side B+ meson categories.
Belle Il preliminary [cdt=0.41fb! . . .
= 5700x Hierarchical tag-side B-meson re-
=3 o
. 82, combination algorithm for Belle II.

e Utilizes O(200) decay channels with
BDTs trained for each decay.

e Reconstructs O(10k) unique decay
chains in 6 stages.

Candidates / (0.0025 GeV/c?)

e 3x higher MC reconstruction effi-

528 529 ciencey than
My (GeV/c?)



http://dx.doi.org/10.1016/j.nima.2011.06.008

2019 Belle II Data £ = 0.41 fb_ "

Observe ~ 1729 fully

Exclusive Tagging:

reconstructed B mesons. The Full Event Interpretation (FEI)
Belle Il preliminary [cat=0.4116-1 . . . _g
00 = Corecth N VO objects KLMClusters ECLClusters
_ oty reconsrucied J
7 600 W Continuum & mis-reconstructed -
N ¥ Dot
& s00 Ng:, =1066 = 77
|- Prag > 0.1
§ 400 Prag> W
é 300 E
E 200 é
c 2
% 100 E:
_ 25 &
3 oo “
=25
5.24 5.25 5.26 5.27 5.28
Me (GeV/c?)
Belle Il preliminary Jedt=0.4110"1 . . .
— aoo = ety recomarucen Hierarchical tag-side B-meson re-
< N Continuum & mis-re r . . .
I rpt S combination algorithm for Belle II.
8 300 Ngg, =663 = 55
8 Pag> 01 o e Utilizes O(200) decay channels with
g .
g™ BDTs trained for each decay.
P
§ % e Reconstructs O(10k) unique deca;
@
0 chains in 6 stages.
_ 25
200 e 3x higher MC reconstruction effi-

5.24 525 5.26 5.27 5.28 Ciencey tha,n
Mpc (GeV/c?)



http://dx.doi.org/10.1016/j.nima.2011.06.008

First look at B® — D*" U, decays (£ =e,p)

Observed 146 events in untagged sample: {=p
j— 5 j— i i » = -1
° NSig = 63 £ 10 events for £ = pu. _ Bellg ] 'prelvlmlrzary‘ det:—O.3'4fb
a D™ty Signal
S 401 1 Continuum
Z Nsig =63 10 @ BB Background
g 0 mh MC stat. unc.
__g § Data
°
f=s
8 20} ]
10} 9
0 ; ; ; A ; ;
Z o 4 T3 S
s . . . . , . .

-4 -3 -2 -1 0 1 2 3 4
cosBpy

2EREy—Mp—m}

cosfpy = 50

Y = visible final state system (D*e)
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https://arxiv.org/abs/1702.01521

Observed 146 events in untagged sample: ! =

o N
o N

ig

ig

= 63 4= 10 events for £ = p. Belle Il preliminary [cdt=0.41fb!
’m\ [ D'*é’Ue ‘ ‘ ‘ é Sig‘nal ‘
= 83+ 10 events for £ = e. g% N —ara 2 — continuum
g o @ BB Background
§ 40r . MC stat. unc.
3 § Data
T 30 ]
f=4
©
[$]

N
=]
T

0
5
5o L I L I L !
B ) 1 2 3 4
cosBpy
2E*E* —M2— 2
COSQBY — M
2pppYy

Y = visible final state system (D*e)
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)

— D077, decays (t=e,p)

First look at B

Observed 146 events in untagged sample: {=ce
® N, = 63110 events for £ = p. Belle 1l preliminary [cdt=0.41fb"!
o D"tev, = Signal
® N, = 83+ 10 events for £ =e. 2% o gret ) Continuum
g o @ BB Background
. . =0 4 )—— § 40r w# MC stat. unc.
Branching fraction of B- — D" "¢ 7, kS § Data
decays is a key ingredient in resolving 23r ]
the 3.50 tension in exclusive vs. inclusive < ok
measurements of |V,,|.
— T T T T T T T T 10 }
E —4— Inclusive  —#— Exclusive
"’S aaf E {
E o SOV i
X asf E 5 . . . . . . .
E = i
5 +++++++ R I B R
gk
g * E I S
s F 3 4 -3 -2 -1 0 1 2 3 4
B2 oF s ! cosBgy
o E [
S 39F 3
o f I P— 2 2
< E 2EpEy —Mp—my

cosfpy =

NN
%. % o
% %

w

2 * *
<% <% <% % % % PBPY
2 0, 0, 0, 0, 0,

% X % % % %

Y = visible final state system (D*e)

2018 exclusive avg. includes unpublished Belle
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Summary

Belle II poised to usher in a new era of precision flavor physics with
50 ab™" of data collected at the SuperKEKB accelerator.

— Measurements of CKM parameters will improve very quickly with initial
5-10 ab .
— Potential for many more exciting results.
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E L Confirm B—D*tv Discovery =
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Expected errors at Belle 11

Expected errors on |V,;| and |V_|.

Observables Belle Belle II
(2017) 5ab ! 50 ab '

[V | incl. 42.2.10 5. (1 £ 1.8%) 1.2% -

[V.p| excl. 39.0-107° - (1 4 8.0%ey. & 1.4%,;, ) 1.8% 1.4%

[V, | incl. 4471073 (1 £6.0%,, +2.5%,, ) 3.4% 3.0%

[Vl excl. (WA)  3.65-10 . (14 2.5%,, +3.0%,, ) 2.4% 1.2%

Expected errors on several selected observables related to the measurement of time dependent CP
violation in B decays and the measurement of the UT angles ¢, and ¢,.

Observables Belle Belle I
(2017) 5ab” ! 50 ab~ "
sin24, (B — J/$pK°)  0.667 £ 0.023 £ 0.012 0.012 0.005
(B — oK) 0.9079-9% 0.048 0.020
S(B = n'K°) 0.68 + 0.07 £ 0.03 0.032 0.015
S(B — J/p=°) —0.65 +0.21 £ 0.05 0.079 0.025
bo [] 85 £ 4 (Belle+-BaBar) 2 0.6
S(B—atxT) —0.64 4+ 0.08 £ 0.03 0.04 0.01
Br.(B — 7°x°) (5.044£0.21£0.18) x 10 °  0.13 0.04
S(B — K%x0) —0.11 +0.17 0.09 0.03

Belle IT



Vertex Detector

Si pixel (2 layers) and strip (4 layers):

o 1% pixel layer at
r = 1dmm to IP
[Belle at r = 20mm]

Improves vertex
resolution along
2-QT1S8

e Larger SVD
w/outer layer at
r = 135mm.
[Belle at r = 88mm]
Higher fraction of
Kg’ with vertex
hits improves
vertex resolution

Outer carbon fiber shell

Beam pipe

o (em)

prryTTT

S 08} —
g 07— T
08 Greater outer
05 radius enhances Ks
/ acceptance
04 /
03 —— Belle2_SVD_2ndout
02 —— Belle1_SVD_zndout
'] Belle2_SVD_1stout
0.1f Bollet_SVD_tstout
9 5 10 15 20 25 30 35 40

rad(cm]

0.05

—e— transverse impact par, d,

—e— longitudinal impact par, z,

Resolution much better
than Belle and BaBar

BaBar dj zo

-
R
I | T

| A T

02 04 06 08 1 12 14 16 18 2
p, (GeVic)
;

2 : \\\wmj

e

Z

KM Pa

) Belle 11



Tracking Detector

Central Drift Chamber:
e Larger outer radius of 1111mm

(Belle 863mm) allows for
improved p resolution.

— 230 mm—]

e Smaller cells with lower occupancy
and capacity for higher hit rate.

Wire configuration 16-20mm’
Full readout of the CDC =' 3 : zi*gf%**www‘
Single track Showering event F ?

(w/ CDC track finder)
T comparon

L
o 02 03 04 05 T tackp eV

Simulated track reconstruction efficiency
Stable performance for up to 3z predicted beam BG
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Particle Identification

Two RICH systems covering full momentum range
- Barrel: Time of Propagation (TOP) counter (16 modules).
= Measure z-y position of Cherenkov v’s and their arrival time.
- Forward Endcap: Aerogel Ring Imaging Cherenkov detector (ARICH)
= Prozimity focusing with silica aerogel (4o separation at 1 — 3.5 GeV/e)

4 track
expansion prism /e

?\I A Y \T\‘zvé?/? 26000 -
quartz bar 240008

spherical mirror

(=
400 - LK% Belle
T K™Y _oreanciy
MC Belle Il
200
15t Cherenkov rings observed
Cosmic ray test (822016) A Loooly
04 -0.2 0 02 04
AE
Average € vs. m fake rate = K separas E K separn i The background B — K

improved: Fake rate

€S o.15F B 0.15F
by =~ 3 for the same € o E B3
oosf- 1 oosf-

w.r.t. Belle fo oot fo ot

(Belle/Belle II) &~ 30z more
abundant than B — p~.




Electromagmetic Calorimeter

Re-usage of Belle’s CsI(TI) crystal calorimeter,
but with new electronics with 2MHz wave form
sampling to compensate for the larger
beam-related backgrounds and the long decay
time of CsI(TI) signals.

= Resolution much better at Belle 11

ey 25 T T
S " ]
w r —+— BGx0.0 Barrel ]
- 20+ —+— BGX0.1 Barrel -
b‘” L —— BGXL1.0 Barrel ]
[ —— MCS5 Barrel (BGx1.0) ]
15 o -
R ]
10 F. ]
51 . 7
[ RO |
0 L 1 1 1

107 1
Eye [GeV]

Peak energy resolution in the ECL barrel as a
function of true photon energy

amplitude time sampling

trigger t trigger t

2 Belle 11



Performance on Belle Data

Applicable in Belle and Belle II analyses within the Belle 11
analysis software framework:

Allows one to make a benchmark comparison of the tag-side efficiency with the
predecessor Belle Full Reconstruction (FR) algorithm.

Charged Hadronic By,g

Neutral Hadronic By,

0.50 0.50
B e --=- FEI | X 1 --=-- FEI
£0.40 £0.40 PR
gusn— é()&( i
& s T
% 0.20 =020 S
& @] =~
£00.10 £00.10 A
& & o
000+——F—F— 7171 7T T 1 T T 0.00+———7 71— T 1 1 T T T
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100

Purity in %

Purity in %

x Perform physics analysis on Belle data with increased statistics

(from the same 711 fb™

1), while we await a large Belle II dataset.

Q Belle IT




Calibration of FEI

Use the FEI on Belle data to reconstruct several well known
semileptonic decays.

€= Npara/Nuc

B - D (D™ (K*m 7 )a")(tv -+ -
Semi-Inclusive N S
hacronic ‘tagging’ B* — D (D' (K*7 ) )ity -
side B" = D~ (K*7~n~n%)(+y ——
B' 5 D (K*r~n nn*)lty —_—
B® = D~ (K*z )ty ——
2
B L ) s DYDY K1tV -5
T B~ = DO(DY(K —
B~ - DY (K- a7 —_—
B~ = D(K-rtrtn) (D ——
0 Signal side
D B — DK ) -
04 06 08 10 1 416
€= Nuga/N

Q Belle IT




+ 0

[X T VS. K elle, PRD 87, 031103(R) (2013)

Measurements of DCPV in BT — K17° found to be different than B® — Kr

1000 [

800 [ -
[ ¢ Bvs. B
600 |

400 |

Events /(2 MeV/c?)

800 |
700 F
600 |
500 F
400
300 F
200 |
100

E Kn 4 Btvs B-

Events/(5 MeV/c?)

1 n 1 L L

oE . .
52 5225 525 5275 52 5.225 525 5275 5.3
M, (GeV/c?)

‘AK+70 — ‘AKJ“TF =0.112 £ 0.027 £ 0.007 (4o)
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http://journals.aps.org/prd/pdf/10.1103/PhysRevD.87.031103

Additional SM Dia 1s or New Physics?

The difference could be due to:

- Neglected diagrams contributing to B decays (theoretical uncertainty is still
large).
Ktn™ T+ P+ Pgy
K7’ . T+ P+ C+ Py + Poy + PA

- Some unknown NP effect that violates Isospin.

= In combination with other K7 measurements and with the larger Belle
11 dataset, strong interaction effects can be controlled and the validitiy of the
SM can be tested in a model-independent way.
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B — K Test-of-sum Rule

Asymmetry (test-of-sum) rule for NP nearly free of theoretical uncertainties, where the SM
can be tested by measuring all observables:

O_d 7 + 0y 00
B(K ' w") 0 B(K 7)) 0 B(K )
3y Ktr Kot BT ) Tt Kt BT ) Tt Ko’ Bk Tr )
40.001640.0131
(IKW = *0-0088—0.0017—0,0091) [@NNLO]

Ig,. = —0.270 £ 0.132 =+ 0.060 [Belle]

d 10§ —— B~ K ntBelle Bdlell E
7 C B~ K mBelle+B—. K’ Bellell 50 ab™* e ]
- Most demanding measurement is K 7" = [ 5 K"Bd‘e"'mabq Freiminay
final state: A, .0 o =0.1440.13+0.06. F 683% E
10—1 ;7 .14 7;
- With Belle II, the uncertainty on E 955% 5 i 3
A0 o from time-dep. analysis is LI O. 7 1
expected to reach ~ 4%. 107 . : E
= Sufficient for NP studies 102 i ]

-1 -05 0 0.5
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https://arxiv.org/abs/hep-ph/0508047
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.58.036005
http://www.sciencedirect.com/science/article/pii/S0370269315007121
https://arxiv.org/abs/0809.4366

v Sector

- Data point is the WA for A, .0 o and : —//T
SKOTA'O . ;
- The A 0 _o value obtained from the 081

sum rule with WA inputs for all other
A and B(Km) values.

- Isospin relation involving tighter
constraints from CKM angle ~:

\/QAKOﬁo + A+ 0=
- (T + C‘) (eiﬂY - qei@eiw). 02l

EW penguin effects described by
ge'®e™ = — (PEW + PSW) / (T + C’) 00

0.6

04f

e Discrepancy can be resolved if:
CP asymmetries move by ~ 1o; B(K°7") moves by =~ 2.50.

e Or NP from EW Z penguins that couple to quarks:

Includes models with extra Z bosons, which can be used to resolve
anomalies in B — K00 measurements.
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https://arxiv.org/abs/1712.02323
http://moriond.in2p3.fr/QCD/2018/MondayAfternoon/Jaarsma.pdf

Reducible vs. Irreducible Errors

Reducible

The systematic uncertainties of the PDF parameters.

Particle identification requirements.

The possible CP violation effect in the accompanying B meson decays.
Vertex resolution.

At resolution function parametrization.

Tag-side interference.

Irreducible

Uncertainties in the interaction-point profile.
Dependence on the vertex selection-criteria.

The effect of detector misalignment.

Possible bias in the AZ determination.

K* 7ri, 7° detection efficiency.

Uncertainty in branching fraction measurements.

Asymmetry of charged particle detection efficiency (in A measurements).

Vertex reconstruction uncertainty originating from the SVD mis-alignment (in S
measurements)

Q Belle IT 21.8.2019
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