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Status Belle ||

* First collision on 26th of Apiril

* Accelerator is running in collision mode

* > 60 pb-! of data collected (as of 28th of May 2018)
* First D* meson candidates found !
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Semlle tOﬂIC deca S BGL Phys.Rev.Lett 74, 4603

CLN arXiv: 1010.5620

*  Will talk about Vcp, Vub (from | =e, i)

e B->D(*)IvandB = mlv,l=¢e, u
e B—=>D(*) TV (R

dg? '71:3m129 q°

universal and phase space factors

2 3m
Ho >+ |H_[>+|Ho|*) [ 1+ =% .
(PP ) (1457 )+ 5

-~

hadronic effects

* |nthe SM, the decay B—D* | v proceed through a
tree level decay
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Approaches to Measuring

Untagged
Initial 4-momentum known

missing 4-momentum = v
Reconstruct B = X, 1v
Use other side to constrain B
flight direction.

Fully Reconstructed Tag
One B reconstructed
completely in a knownb — ¢
mode without v.

“B-meson Beam”

2
D* 2
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Eff. Purity
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T
Rest used to reconstruct V
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Hadronic tag channels
Tag algorithm

Belle v1 (2004)

MVA Efficiency Purity
Cut-based - -

BT modes

B9 modes

DT, D** DF modes

D% D*0 modes

BT — Dzt

Bt — DOrtr0

BT — Dt a070
BT —» Drtntn—
B* — DD

Bt — D0t

Bt — D*ptq0
BT —» D0rtptn—
BT - Drtpta—n0
BT — D+ D°

Bt — DFD*0

Bt - DK+

BT - D ntrt
Bt = JW K+

Bt = JWKtntn~
Bt = Jp K *x
Bt = JJp Kot

BY - D—nt

BY - D= ntr0

BY - D ntntn—
BY = DD~

BY — D* gt

BY — D*qty0
BY - D*~ntptna—
BY - D*~gtata—n0
B = DD~

B — D D*-

BY s D+ D*"

B — Jjp KO

BY - JypKtnt
BY - Jhp Kot m—

Bt - D atgtg0
Bt = DY%trata—x0
Bt — DD+

Bt — DDt K?
Bt - D**DT K"
BT — D'D**K?
BT — D*'D*+ K
Bt — D'DOK+
Bt — D*DVK+
BT — DOD*OK+
Bt — DD+
Bt — D*pt 070

BY - D7 T7940
B 5D ntatnx0
BY - DOxta—
B - D-D'K+
BY - D-D*K+
BY - D*DYK*
BY — D*~D*0K+
BY - D-DtK?Y
BY - D**D*TK?
B — D-D**K?
B - D*"D**K?
BY — D* gt 7070

Dt - K—nftrnt
Dt - K—ntatsg0
Dt > K- Ktnt

DY - K—nt

DY —» K—ntnd
DY - K—ntntn—
DY — r—nt

DY — = ntn0
D? — K970

DY — Kortr~
D? — KOntr—n0
DY - K—K*

D’ - K-KTKY
D*O N DOT('O

D*0 D07

DY - K—7tx070
DY - K—ratatr—xd
DY - nptpta—
DY — 7=t 7070

DY — K~ K*r0

Belle I

New channels

Belle v3 (2007)

Belle NB

Belle Il FEI
(2017)

Cut-based
Neurobayes

BDT

0.1%  0.25%
0.2% 0.25%

0.5%  0.25%

® New, more efficient tag algorithm

* |ncludes more channels

e ~5000 channels !

® Semileptonic tag Fast BDT tag,
basedon B = D(*) | vand
B— D(™rmtlv...

e > 200 channels




hadronic tac

* |nstead of fitting cascades of fits
(Belle)

e D=Kmmo, D*-Dmn, B—-D*m in
three fits

* Fit the decay tree in one global fit
[D*[— D[— Kmm?]n]

 New technique
e Aimed at channels with

neutrals D*—DmY, D*~Dy,  _" = b
D—-Kmmo, ... ig 12 Belle Il MC
+ Allows to reject background = st || o

* Better tag purity 5 ‘2‘ 1 i

| | I A

(Paper in review) 710 0 0-0 05 Lo
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p-Value of the fit
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e |mportant for tagging and T
reconstruction

* ¥ invariant mass in early Belle || . — :
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- Expected resolution on photon .t .550. _ 100 S
energy of ~3-5%
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Electrons are light: Final state
radiation

 Bremsstrahlung recovery
partially fixes this

e Belle ll:
— MVA for low momentum in
progress.

e Material budget in tracking value
allows good electron identification

material, averaged over ¢

Events /(0.1 GeV/c)

[ ARICH

radiation length, X/Xq

-1.00 -0.75 -0.50 -0.25
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Muon identification and Electron identification
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Muon efficiency (solid)
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 ECL not used for ylD at Belle —
to be used in Belle Il.

Jo-Frederik Krohn

P [GeV/c]

0\\

Muons are the easier to identify
 Little to no radiation (heavy)

In B-factories, need p > 700
MeV/c to reach muon
detectors

[ L
o
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si sig
Za nie €recoftag

Exclusive CLN parametrised!
Vaplp-ow = (39.054 047y £ 0.58,) x 1073,
Veplpew = (39.18 £ 0.94¢xp & 0.364,) x 1072 . .
Inclusive (~2.5 o) e+ p
€
_ | —3
V| = (42.11 4 0.74) x 10 y

2374 + 53 2310.1 3.19 x 10~°
1306 + 40 1248.8 3.45 x 107°
1066 + 34 1061.3 2.93 x 10~°

* — measure Ve

e
w

1.3

e ExampleB = D lv:

7

« Hadronically tagged, calibrated with **
B-»XIlv "1

« Signal from un-binned maximum
likelihood fit to M2miss

 Yields extracted in 10 bins
(4x10 for D*)

1

0.9

0.8

0.7

_IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

—»— Belle

—— HPQCD
—=— FNAL/MILC
— f, fit

f, fit

e W spectrum important to constrain NP "=

form factors

7=/ THE UNIVERSITY OF

¥ MELBOURNE




Belle |l projections for B— D(*) | v

_ B(BY=D*teve)
7ze/u —

e Most errors cancel in LFUV B(BY—D**pn~v,)

measurement, except for elD, ylD

[data driven errors] V//
c B> D"lv, -

b o
* Vool Experiment Error : 3% — 1% c
. (o o
‘ Re/y : 9% approx. = ~1% Belle Il expectation  Cai, et al. JHEP 1710
* |lepton ID, slow 1t ™ e my [ TeV |
e B2 Dlv, o P R
* Vool Experiment Error 3% — 1% 3st0 | Tt s
| o ey 3
° Re/y: (6% approx_) — ~1 O/o 098 | .........
_ _ | 2
e hadronic tag punty 0-96““'|"" “|““ """ """""""""""" f
0.7 0.8 0.9 1.0 1.1 1
Ry




B— D(*) T v signhal

* |dentification / reconstruction of T
leptons is very challenging

e Short lifetime of 1012 s
 Hadronic decay withmmsand 1 v

‘ Tag side ‘ ‘ Signal side ‘

* Leptonic decay with e/yand 2 v

L  Lack of full reconstruction implies
‘i vw/lzg W, background mimics the the signal
e where some daughters are lost

e.g. K., 0. Often difficult to
constrain with “sideband” data.

* New MVA based K. identification

fip Rp- .. B(B— Dt i)
BaBar (Had, /=) 0.440 £+ 0.058 + 0.042 0.332 4 0.024 & 0.018 R(D") = BB > Do)
Belle (Had, =)  0.375+0.064 = 0.026  0.293 4 0.038 + 0.015
Belle (SL, ¢7) NA 0.302 £ 0.030 & 0.011
LHCD NA 0.336 4 0.027 £ 0.030
Belle (Had, h™) NA 0.270 + 0.0357 9028
Average 0.397 & 0.040 4 0.028  0.310 £ 0.015 £ 0.008 Phys.Rev.D 92, 072014

- N Hev. DY4.0 /200
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B-D*)tv (R(*))

* Semileptonic tag

* Discriminate B— D(*) tvand B— D(*) | v
using MVA, based on M2niss c0S0s, Egtag+EBsig

* Yield extracted using a 2d fit of the classifier
output and EecL

_ B(B— D't ;)

R(D) B(B— D"l i)

Events / (0.0666667 )

0.15

D(*) | v

EEE-
WEE- K ond fake D*

Arbitrary units
O
o

MVA out
r
B
u

0.05

Events / ( 0.05 GeV)

0,00 bpemammriaerzs 2 eeemetnl e %.0 02 04 06 08 10 1.2
e g E.o [GeV]
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Belle |l projections B— D(*

—~ 0.5
) B Belle Il Projection
o B — Belle Combination
— —— Babar
0.45— LHCb
B — World Combination
- « SM prediction: PRD92 054410 (2015), PRD85 094025 (2012)
04—
0.35—
0.3—
0.25H— -
: 1 o contours

4 5 6 7 8 9 10 11 12
q? (GeV?/c?)

50 ab-1 projection of the subtracted
q2 spectruminB - D*Tv

D
o
Belle I

Stat error
improvement from tagging

AR(D) [%] AR(D*) [%]
Stat Sys Total Stat Sys Total
Belle0.7 14 6 16 6
Bellell5 5

3 7
6 2 3
Belle Il 50 5 @ : @
ab-1 \ /
D**

Full sim sensitivity studies in progress.

Projections based on Belle + assumed
R(D)sL precision

Background modelling (D**) will dominate
error @ 50 ab.

Precise analysis of kinematics
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B—omnitvandB =2 1tlv ’

Events / 0.15 GeV

Belle I

B — T v at Belle (ho R @Belle)

Tvv, TV, TNV

Measured using M2nmiss and signal

BDT (reject B — 1l v)

Yield extracted in EecL (—upper limit)

' |--Data

Il Signal
mB’ > X,

« Bellell:

* |Vl should be measured to
~1-2% accuracy with B — 1l v
(based on Belle Il full sim.)

« Cando LFUV tests, e/u/t

Lab'] r1ilv

1 tagged 6.2
untagged 3.6

2 fixed BG

e K] :
XXX B S iR )
9207000 Z0: 0. 0%
SRR T
0200202002020 2020 0 b v
02003020 020 202020 2% toze:
020203020 2020 20 20 %0 20 0% x;

Belle II 5 tagged 3.2
projection untagged 2.1
RO* = (.64 +0.23, leptonic 5
R0 — (.64 4 0.09. 50  tagged 1.7
untagged 1.3

<D
29.9.9.9.9.9.9.9.9.9, 0
9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.¢ -
29.9.9.9.9.9.9.9.9.9.9.9.9.90.9.9.9.9.9.0.9.0.0.9. t .- o =
B R R e -

leptonic 1.5-2
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Projections for CKM

ViwfromB —-mlv

EM corrected Not EM corrected

Belle 1T MC

tagged + current LQCD
untagged + current LQCD
tagged + LQCD in 5 yrs 6 1
untagged + LQCD in 5 yrs
tagged + LQCD in 10 yrs
untagged + LQCD in 10 yrs

Belle IT MC

tagged + current LQCD
untagged + current LQCD
tagged + LQCD in 5 yrs
untagged + LQCD in 5 yrs
tagged + LQCD in 10 yrs
untagged + LQCD in 10 yrs

t
t

¢
¢

current
status

current
status

t
¢
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2 g ~ 2 .
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L [ab_l] L [ab_l]
Current situation 50 ab-!
07 E 3 —T T ] T T T T T ] 0.7 3 T T T [ T g T T T T3
=i it - S | M S
06 1 : 0,9, e s 06 -1 : ¢,(,) % =
05 :—% —] 0.5 g ! —f
- g ' = g ! =
04 [— 4 — 0.4 ' —
= F 3 : 7 1 = 3 ! =
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3 E b, E E A =
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0.0 PR T | | L L L — L A L A — | —— a1l - 0.0 PR TR SR N S L L L | S T | L A L | —a -
0.4 -02 0.0 0.2 0.4 0.6 0.8 1.0 0.4 02 0.0 0.2 0.4 0.6 0.8 1.0
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Summar

Belle Il will collect 5(50) ab-'data by 2020(2025)

With about 5 ab-1 (mid 2020) we will be able to confirm new
physics in B— D(*) T v and other characteristics (t-polarisation)

Precise, model independent measurements of CKM matrix
elements Vb and Vb in 4d bins

Probe LFUV rog
“F Goal of Belle 11/SuperKEKB

AT

L3 Confirm B—D*t v New physics

Integrated luminosity
(ab™)
=
L} I L}

9 months/year

Peak luminosity
(cm3s™)
i =

PP |, P BV EPEPEPEPE BRI B
2?)17 2018 2019 2020 2021 2022 2023 2024 2025
Calendar Year




Thank you
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Projections for CKM
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Overview Belle

c B2D(™Iv
o |Vepl
* R(*)en
c B-2D(™) TV
e R(*)wu,anomaly A~30%(~4c)
* g2, kinematics
e BXclv
» Voo anomaly, inclusive vs exclusive A~5-6% (~2.5 o)

Not precisely studied at Belle

e B-omlv

by =)
/o
Belle I



Belle || General Status and Timeline

Calendar year 2016 2017 2018 2019
Japan FY JFY2016 JFY2017 JFY2018 JFY2019
Summer shutdown Summer shutdown Power saving Summer shutdown
(power saving) (power saving) after mid July 20118 (power saving)
/ ! (end Feb. — mid Jul. 2018) ! o/ full Belle I
phase 1 weseen ‘phase 2 (MR), ' phase 3
L 1 : o - - -
] w/QCS |
MR renovation for phase 2, including JER Wt/ Bi"e st :
MR startup installation of QCS and Belle II : ‘R zt‘;:t 'VXD installation
] .1
1 I 1 a
. | . phase 3 operation
DR installation & startup DR commissioning : 9 months / year
I

B — a i Y
I I [ )| I I ' ' I I ' )| I I [ ' |
e Phase 2 (w/final focusing Q, w/Belle Il, w/ partial Si configuration &
background monitors)

e Verification of nano-beam scheme
* Target L > 1034 cm-2s-1

¢ Understand beam background and its luminosity scaling -
particularly in VXD volume.
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Beam backaround (MC

® Increases occupancy in inner Si layers - can degrade

tracking.

type source rate [MHz] component background generic BB
radiative Bhabha HER 1320 PXD 10000 (580) 23
radiative Bhabha LER 1294 SVD 284 (134) 108
radiative Bhabha (wide angle) HER 40 CDC 654 210
radiative Bhabha (wide angle) LER 85 TOP 150 205
Touschek scattering HER 31
Touschek scattering LER 83 ARICH 191 188
beam-gas interactions HER 1 ECL 3470 510
beam-gas interactions LER 156 BKLM 484 33
two-photon QED - 206 EKLM 142 34

15th background campaign (ECL)

) ! ! o UL L L I L I BRI I UL U SR RN R = RS SN AN TR RN R RN R
3 . E [ ]
S 20fF Touschek HER 3 . T zg;‘zw“hgmﬁamma ] 12000 Examp|e —BGx0 |
[0} r Touschek LER ] T BGx1 i r — ;
% E== Coulomb HER 105 2 ; BGx1 with goodGamma | 10000k’ fro m T LFV BGx1 .
g [ E=== Coulomb LER E L 7 C : ]
2 O mm o n L 1 sooof anaIyS|s 3
o © BHWide i HET ] C ]
g | 0 [~ BHWide Large Angle 9 104 =k e 6000+ =
> 2 ; . ] - selected b
S 4000 ———> -
C H |- -
g :EHH\HH\HHM\H\HH\HH\HH\HH\HH\HH: {r"rrw_'\wuw\wuw\uu\uH\HH\HH\HH\HH\HHA
E 0.0 01 0.2 0.3 04 05 0.6 0.7 0.8 09 1.0 8.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1.0

Energy of gamma [GeV] Pt of charged tracks in CMS [GeV/c]
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Track efficiencies

* VXD (Pixel + Strip) &
CDC

e VXD-dedicated tracking

»1.2 L L B B L L
=) L i
5
;g - 4 Data 1
E 1+~ © MC ;};jé;%: — Belle II s BaBar o jenc) D%t ' BaBar efficiency vs p
o0 L A i \ B e 0 (T events SVT + DCH)
£ | e L _ ‘ af 15
E o= LT s F T
= 08 A — = 09k
S S -+ . . F
g W iy _ s F
—{H c -
L —A— i sk
0.6 7 E 0'7:
—A— C
I R 0.6F
r -+ b -
r b 0.5
04 - Ee -
L | 047 :. 0o
:c*q: = IC erficiency
i 1 0.3k . 1 . DD
- g - / INCiuaea in Dapar
0.2 I ] 0_2:
- 4 E [/ ——*—— :Efficiency p 0.895SVDevtGen_BG100percentTOUGH
i ) 0'1:'_9{ % iEfficiency pT 0.895SVDéviGen_BGt00percentTOUGH
0 PR A SR NSRS S (N ST SO SO AN SN ST SAN NSNS ST S | AT ST ST N SR SR | 0: »
0 0.2 04 0.6 0.8 1 1.2 lzgl 10 ' p [GeVId] (p. [Gevlc])
Recovered Pion P_T(GeV/c Y(4s) - with bg (killHighOccupancy Threshold @ 50,000)
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e 2017,Hadrontag, T~ hv

Combined
Source R(D*) P,
D**1~p; + had. B composition 5.2% 0.17
MC stat. for PDF construction 3.5% 0.16
Fake D* yield 2.0%  0.048
Semileptonic decay model 1.9%  0.015
Efficiency corr. for [~ /7~ /p~ 1.8%  0.013
P, correction function 0.33%  0.012
Efficiency uncertainty (MC stat.) | 0.78%  0.008
B — D*lI- yield 0.65%  0.027
M2, shape for B — D*I~ i 0.41%  0.001
Fake D* PDF shape 0.22%  0.001
Total 7.1% 0.24
Expected stat. error ~ 14% ~ 0.56

\\/ Combined

Source R(D*) P,

B — D"~y 0.17% 0.011
B — D**I~ (100% error) 0.84% 0.054
B — D**1~ 1 (100% error) 2.7% 0.016
Two D 0.77% 0.020
B— DK~ /7" K? 0.25% 0.014
Other K? mode (100% error) | 0.28% 0.021
Other B decays 1.4%  0.058
Other B decays (100% error) || 4.1%  0.14
Total 5.2%  0.17

% MELBOURNE




® 3 problems to cover in Belle |l
* Modelling of B =D** | v kinematics
* Normalisation

e Unmeasured D** — modes, for saturation of B = X | v
e B — D(*)nr[l Vv + B = DY Exe afms|c

% Dol T —¢— Data
AT et
a S o @t
I = = £ B Bl D()N
Q 2 8 ~ L=0 L=1 § { / \‘%Other BB
% ° : jq 1/2 1/2 3/2 VA /72772 7 e'e” — g

100 7 Channel R:ﬁn* x 103 B x 10°
D°ztr=¢" v |7T1+13+ 8|161+30+18+8

50 D+7r+7r 0T |58+ 18+ 12127 +394+26+7
DOt ¢ w14+ 7T+ 4| 80+40+23+3
D ntn 07|28+ 8+ 6|138+39+30+3

Drta 07U |[67T+£10+ 8|152+£234+184+7
D*7r+7r_£_i 19+ 5+ 4108 £28+23£4

1.5
U (GeV)
¥—¢ THE UNIVERSITY OF
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Belle PRL 118,
e First measurement, consistent with B+ — D* I+ v: 4711
SM, o==me e s +57(stat.)

e BO—=D*1t+V:

88+11(stat) events
R e 0 R(D*) = 0.270 £ 0.035(stat.) T0-058 (syst.)

02 04 06 08 1 . E
E e

[ee]

5 S Jr _ P.(D*) = —0.38 + 0.51(stat.) ¥3-21(syst.) '
Rl w & (Str.) =
N e
0O 02 04 06 08 1 12 14 —
Beo (GeV) (T rest frame) 0.5
B, v—mv, cosb, >0 rC
O
-0.5—
-1
B, t—pv,cosb, >0 E
5 20 -1.5—
S 18| * r
g 16 |
o8 ~
0.1

02 04 06 08 1 12 14
o (GeV)
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LFUV in e/u, and Model Independent SL Form

%(B — Dlv) ~ (Phase Space)|Vq|*G(w)?
;Z—F(B — D*fv) ~ (Phase Space)|V | F(w)? Z |H; (w)|? W — myp +mp — q°
w | | i=+,0,— 2mpmyg
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Electron identification

» Electrons are light: Final state
radiation

 Bremsstrahlung recovery
partial fixes this
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Muon identification
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 Muons are the easiest to identify

» Little to no radiation (heavy) Muon Barrel KLM

hits

« Stable within particle
detectors 3
* No strong interactions in V

absorber materia
c InB-12 4+ IGO0
> A 1 &
MeV/ Sos8 Flfr 7 jo.08 2
detec s f I/ 006 3
0.47 J :0.04 .
e 30th of April 2018
N T N T A o

p [GeV/c]

Yamagata 2018, Belle | Jo-Frederik Krohn




