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SuperKEKB (NN

* Electron-positron collider situated at KEK (Tsukuba, Japan), upgrade of KEKB
*ete” (4 GeV + 7 GeV) — BB mainly at Vsm=10.58 GeV (peak of Y (4S) resonance)

* First collisions recorded on 26 April

Belle Il

New interaction region

- 10! BB pairs per year
@ full luminosity *

¥ BB

Cross sections at Y (45)
Add / modify RF systems Physics process Cross section (nb)

for higher beam current Y(4S) — BB 1.2
Inject low emittance Positron source: eTe” — continuum 28
positrons / electrons new target/capture wru 0.8

section Tt 0.8

o Bhabha (8,1, > 17°) 44

U-ﬂ' 4 vy (Oran, > 17°) 24
Damping ring 2~ processes © ~ 80
Total ~ 130

@ The rate is pre-scaled by a factor of 1/100.
b Orap > 17°, pr > 0.1GeV/c



From KEKB to SuperKEKB

INFN
(%

70¢
5 “F  Goal of Belle I1/SuperKEKB
50F -
£- 40 2
N 2 9
30 > 4o
g o 3
20 = =
E >
10—
100um ofi e E
VA / x10% gf
6F-
EGeV) | B%(mm) | B%(cm) cp I(A) | L(cms?) ?; A Flavour MILESTONE
LER/HER | LER/MER | LER/MHER | (mrad) @ LER/HER § z 2_ 5-10 ab-1
KEKB 3.5/8.0 5.9/5.9 120/120 11 1.6/1.2 2.1x10% 3" F i =i i i i i |
SuperKEKB 4.0/7.0 ‘rO .27/0.30 3.2/12.5 41.5 3.6/2.6 80 x 103 2%17 2018 2019 2020 2021 2022 2023 2024 2025
factor 20 Calendar Year
Factor ~ 40-50 in the luminosity [= Y= I JE,. R,
zer. @
vertlcal beta fUnCthﬂ at 14
Higher backgrounds
j@Q@ @® 5 / ® e o+
—_— O . .
o1 @ Gh 1 4 ¢ } o - Radiation damage
ousche Iz .
" A T o-0u0T) - Occupancy in inner detectors
—— % %P * . i ile-
Radiative Bhabha  2-photon-processes Fake hits and pile-up



Belle Upgrade:

- VXD region: PXD and SVD
(silicon pixel and strips detectors)

- Extended Drift Chamber region
- ECL: CsI(Tl) crystals. New

electronics (waveform sampling

and fitting)

-TOP and ARICH detectors:
better hermeticity with new PID
detector in the forward region

-KLLM detector: RPCs and
scintillators (some RPCs layers
substituted with scintillators to resist
neutron background)

N

-

From Belle to Belle 11 INFN

(5

Belle || TOR, arXiv:1011.0352 KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC {end-caps , inner 2

EM Calorimeter i
Csl(T1), waveform sampling e
Pure Csl + waveform sampli

e ar ntification

electrons {7GEV\ -3 ! agation counter (barrel)
) : Using Aerogel RICH (forward)

ate 52 x lower than in Belle

Vertex Detector
2 layers Si Pixels (DEPFET) +
4 layers Si double sided strip DSSD

positrons (4GeV)

* improved IP and secondary vertex resolution
* better K/ 7 separation and flavor tagging
* robust against machine background

* higher K, 7 and slow pions reconstruction efficiency



Unique capabilities of )
e"e” B factories - Belle 11 C

* Beam energy constraint: can be adjusted for

7

el )
)
5

different resonances Y (nS)

F
7, Q\\\\\\» eSEERRRS.,
Y A SIOTOE OIS,

* Clean experimental environment: high B, D, K|

~

//\7 2
. ) §g! 'QQQ \/
T lepton and neutral final states reconstruction [ ==\
Il ;=’:==(_EP> ‘%==‘-|r_-— A
" i1 = mc o == Ml
efficiency. \= & i =)

g@@‘:’//

* BB produced in quantum correlated state: high
flavour tagging efficiencies (34% vs 3% @LHCD)

SO ) =l
o =

<
o

é\\ JIm

The full reconstruction of one B (B,,,) 4 /
constraints the 4-momentum of the other (B,
. . . . / B_\'iy
Reconstruction of channels with missing energy e’ > Y(45)
_ .n'" Btag/
Pv = Pete- — thag o pBSig D°



)

B tag reconstruction strategy [NEN

* Hadronic tagging

- L tfici
+ B tag completely reconstructed

* Semileptonic tagging
- More backgrounds, B momentum

Armng

e = 0(1%)

unmeasured

+ Higher efficiency

Efficiency

* Inclusive tagging (no tagging)
* B-tag not explicitly reconstructed e =0(100%)
* Reconstruct the signal and then use
the Rest of Event (ROE) to constrain
the neutrino momentum



Tag side reconstruction: )
Full Event Interpretation (FEI) C-

* It is an extension of the Full Reconstruction : [Tracks] [ V0 objects ] [KLMClusterS} [ECLClusterS] =
(FR) used in Belle, and uses a multivariate L NS — . - B
technique to reconstruct 'the B-tag side " e - ﬂ+ K9 ;| 2E%
through O(10%) decay modes in a Y(4S) decay. A e . . 2
J/ 7 E:

* Hierarchical approach: train multivariate NN =R o 2
classifiers (MVC) on FSP, then reconstruct AN 5
. : . . . ‘ D' D* D, |4 %
intermediate particles and build new dedicated ‘ : N i
MVC. For each candidate a signal probability : DD D; | ;
is defined, which represents the “goodness” ooy S ‘
of its reconstruction. It uses:
- PID, tracks momenta, impact parameters;
- Cluster info, energy and direction; Belle (2007) Cut-based 0.1 0.25

Belle FR (2011) Neurobayes 0.2 0.25

- Invariant masses, daughter momenta,

vertex quality;
qualty; Belle I FEI (2017) De::’iz:i‘:'ees 0.5 0.25

- Classifier output of the daughters

FEI performances with had tag

Belle FR: NIM A 654, 432-440 (2011)
Belle Il FEI: 22/06/18


https://ekp-invenio.physik.uni-karlsruhe.de/record/48602/files/EKP-2015-00001.pdf

)

Missing energy B meson decays [NEN
BR ~2--5%
* Semileptonic decays (B — DOtv / DOlv ) °
,
* Leptonic decay to tau leptons (B — 1tv) Cé\/}%}
%
* Penguin electroweak decays (B — KOvv) 3R ~10-6

Belle 11 full simulation studies summarized in the Belle 11
Physics Book to be published in 2018



Missing energy B meson decays (NFN
~7 — RO
* Semileptonic decays (B — Dty / DOly) BR ~2=5%
6
+ Leptonic d 1 B gy,
eptonic decay to tau leptons (B — 1Vv) %,
{‘QC/C_)
* Penguin electroweak decays (B — KOvv) 3R ~106

Updates expected by the next Beach Conference !



D Semileptonic decays:*B — DOty -
and B — DOlv C

Clear test of the SM LFU: NP (charged
Higes in  2HDM  models or
Leptoquarks) can affect the BR and
the tau polarization P,

ITat ut/rt ptfrt

b W v b /H:< v b
B B B
[+ [+
D* D*

B(B — DYt i)
B(B — D)~ 1y)

R(D) = (=)

Advantages of measuring R(D®):
- experimentally we eliminate the uncertainties on the tagging efficiencies

- theoretically we eliminate the uncertainties on |V,| and on the

semileptonic form factors



e
Belle measurements of R(D*) and P, INEN

Measurement of R(D¥)

Measurement of P,
(Belle PRD 94, 072007(2016) SL tag)

Belle PRL 118, 211801 (2017) Had tag

; ; B signal
(%] i igna
o 8 600 %54 Normalization | 1 -Si9”3| g* DD* fl I Fake D* and qg
8_ 8 il 8 — o™ v 7Jtcross feed M Radronic 5° ¢ Data
8 9; 4_% :I Others © i 100
= Z {8 Fake D
1S 2 :
0>J < 200 < 80
[J] 5 [0)
(vl Ll>.l G ()
£ e Y
8.0 02 04 06 08 10 1.2 8 2 g 60
E.. [GeV] 0 02 04 06 08 10 1.2 =
ECL E. [GeV] =
ECL €
2
—~ 103 . L
% Epcp is the extra 20f
§102 energy left in the Ll
= calorimeter after the 0 02 04 E°-6 (G(f-?/ ) 12 14
. e
< 10 signal and tag B are =
) d Had tau decays
S ; reconstructe v “~, 4 Extract the fractions
> N YHEL
w10 -05 00 0.5 1.0 o W T / 3 with positive and
- ~ S Tt T . .o o
Ong R negative tau helicity
v

Signal and normalization separation is based on the missing
mass and the angle between B meson and D*] system

1 €norm Nsig

R(D*) = ‘
(D7) 2B(1— = L~ vpvr)  Esig Nnorm

Results in the next page



R(D®) and P, measurements and )
Belle II projections C

ES % %
R(D") vs R(D) P_(D") vs R(DY
g 05— 77— 7 — 1_----|----|----|--- ]
EE/ E gelle I(I;Projection E e - x: n Proi?cti?n —
—— Belle Combination 5 - Comb |
0.45— o~ ] =~ L SM prediction: PRD85 084025 (2012), PRDS7 034028 (2013) -
- 7\%?12 Combination . 05_ — ]
0.4 - SMprediction: PRDS2 054410 (2015), PRD85 094025 (2012) —: i ¥:n°‘;’r PRDE7 034028 (2013) ]
035 - o
0.3 — -
» - 05~
C 10 contours T =
P I AN R BN BN R B B .
0202503 035 04 045 05 055 06 43 055
. . R(D)
Current combination: 4.10 p
T
from the SM
-NPH=*x
iecti - Pseudo-data SM
R(D) [%] AR(D*) [%] Projections based on
Belle SL tag
Stat Sys Total Stat Sys Total
measurement
Belle0.7abl 14 6 16 6
1
Belle 1l 5 ab > 3 @ 2 2 @ Belle Il full simulation

Bellel1 50 abl 2 3 3 1 studies in progress ° ;20(Ge1\}2/021)2
. ‘ . ' -1 . .
Main systematics: B — D**lv modelling, hadronic B 50 ab"’ projection of subtracted

decay composition, yield of fake D* candidates g? spectrum in B — D®tv



D : )
i Leptonic B decays INFN

* Helicity suppressed decays b "
2 ) 2 (H+,W+)
BRSM(B — v)= Mfg v, |2 _m_z;] -------------
87T m2
u \Y

SM Prediction

B(B* - e+l/e) (1.09£0.21) - 107"
* Sensitive to NP contributions, e.g. type 111 B(B* = u+1/#) (4.65+£0.91)-1077
Higgs doublet model | ] B (B+ — T+VT) (1.0834+0.2)-107"

* Clean theoretically, hard experimentally:

Belle PRD 92, 051102 (2015), SL ta
only B — tv has been measured | (2015) g

continuum bkg

w
(=]

+ .

N
n

signal

Belle combination Sso

B =[0.9140.19(stat.) £0.11(syst.)] x 1074 | &2

(evidence at ~4.6 o level) S

Events / ( 0.1 GeV/c )
h 3

-
L]

1%

1.5

1.0
Eycy, (GeV)


http://journals.aps.org/prd/pdf/10.1103/PhysRevD.86.054014

: )
B Leptonic B decays: B — tv INFN

Belle II full simulation study

* Hadronic tag with FEI

* 1-prong T decays (LLVV, evv, TV, pV)

* Dedicated study on machine background impact
* ML fit to extra energy Ep o

Extra energy in the calorimeter

e Main systematic uncertainties:
g 0022 E,; resolution E—Beue o background Erira PDF, branching
$ | robustagainst E fractions of the peaking backgrounds,
015t beam background - tagging efficiency, and K% veto efficiency
0.(()).51__ 3 Integrated Luminosity (ab™—1!) 1 5 50
N PPN TOL Vvt roves o - statistical uncertainty (%) 29.2 13.0 4.1
070170270304 050607 0809 1 _ . ,
Eee, (GEV) hadronic tag systematic uncertainty (%) 126 68 4.6
2 1200p T s ~~‘~~Pe”e'”MC‘rL‘:‘l?pt total uncertainty (%) 31.6 @ 6.2
8 1000, statistical uncertainty (%) 19.0 85 27
800, - peeudo-data. semileptonic tag | systematic uncertainty (%) 17.9 4.5
600f . total uncertainty (%) 26.1 Clijb 5.3
400}
B | Observation at ~3 ab’!

L 1 T L e L
0 01 02 03 04 05 06 07 08 09 1
B (GeV)



o Flavour changing neutral current NN

B - KMvwy C

* Prohibited in the SM at tree level: penguin + box diagrams
* BR ~ 10>+ 10 NP contribution can increase the BR by factor 50
— non standard Z-couplings (SUSY)

. Belle PRD(R) 96, 091101 (2017
— New missing energy sources (DM, extra dim.) ®) ( )

b ) s S ® BaBar hadronie == SM prediction
W } ® Belle hadronic Belle semileptonic
' . /1/ . g A  BaBar semileptonic
vy SUu , T T T T T i T i T y T v T v T
u . - te A i ; ; ; : : :
7N
, b R IR N R R S B
AN T : : : : : : :
S0 8% e e
o : : i @ : :
o 1 1
X
& el
Belle measurement with SL tag @
% [l signal [TJgeneric % 12 @ A i : ; ; : :
10} .M continuum [Wljrare g -g 10-5L : : : C : : : ]
S 3 % : PR — r : : ]
= § g
2 . = —
c
4
L ' '
b 1078

02 04 06 08 1 12 Erey (GeV) Ktve Kgvv K*%vo K*vw wtvw 7w pPup  ptow
EecL (GeV)

B+ _ K+l/l7 Bt _s K*+l/l7 B decay channel



Flavour changing neutral current )
B - KMy C

Belle II full simulation study : =l
|_ﬁGOOO C = (?CB
* Hadronic tag with FEI 5000 e
o K¥ — K70 4000}
* Powerful discriminating 2000
variable E* + op* . 2000
. . . 1000
* Projections performed with
. 0
a cut and count analysis in 4 o 08
. B T s (GEV)
extra energy signal window
NN ] / Constraints on new physics
Observables Belle II 5 ab=1 Belle IT 50 ab-1 ¢4 \\ N\ /| contributions to Wilson
Br(B* — K*vi) 30% 11% 04+ \ \\ 2 r | coefficients C, Cy
Br(B° = K*%ui) 26% 9.6% O\ \
Br(B+ — K**tvi) 25% 93% &, N/ ™~ 90% CL excluded
S KO\ 4 by Belle and Babar
[Observauon at ~18 ab‘q 04 N
L 68% CL allowed

—
0.2 0.4

T T T
-08 -06 -04 02 NPO.O —
CL /CL

by Belle II at 50 ab-!



Conclusions INFN

Unique capabilities of Belle II to study B decays with missing
energy in the final state

Within the first two years of data taking Belle 1I will collect 5 to
10 ab™! and will be able to address the Lepton Flavour Universality
Violation by precisely measuring R(D) and R(D")

Belle II will also be able to test new physics scenarios precisely
measuring leptonic B decays into taus (first two years) and
FCNC processes (with less than half of the total dataset)

In addition Belle II will also have the sensitivity to shed light on
the |V,,| puzzle from inclusive and exclusive semileptonic
decays and investigate other rare processes suppressed in the SM

B —=1lvy,B—1v,B — wv)



Thanks !

22/06/18



Backup INFN
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)
First data (particles re-discovery) wN

0 . . .
T 1nvariant mass R2 is the ratio between H, and H,,

x10°
& Ea L .#Hl | LR R BRI N
'S -
> °F Z)ilée(lilrellminary) " fL dt=~5pb7
S i i
© B ¥ | E>015GeV H P(CO 0 )
8 B t t 7
. 1.0 ' -
=) - —— Data 4 ¢ - | ] = charged & y Momentum of | | Legendre | |Angle between
P C ¢ " ’ = g particleiand j| |polynomial | | particleiand j
o} #
"= i ) 7
e 05p e RPN T
:M""’"m : ﬂ : T T T T T T T T T T T T T :
i i §60000 — — data —]
00 PRI REUR T RS RNrU T R | 1) — === MC total .
0.08 0.10 0.12 0.14 0.16 0.18 50000 — RZ — MC BB =
2 - == MC qq ]
m,, (GeV/c?) = —MC w -
< SRR RERRNRERAN RALLE RALLY RALRS DAL 400005_ —:
= 4 n - Belle Il 2018 -
31 000 t fL dt=~5pb ] 30000 Preliminary —]
S 0 t ' Belle Il 2018 ] -
-_:‘%’ 800~ t Preliminary 200001 fL dt = 250 pb'1 _—
a8 | T m -
600 ¢ b4 ] = =
o Hangh ¢ +++++++++++++++++++f 10000 = =
400/ | ) el e -
i . . ] 0 0.2 0.4 0.6 0.8 1 1.
o Kg invariant mass | R
§456.460.47 048 0.49 0.5 051053053054 0.55
m(x*r) (GeV/c?) 22/ 06/ 18



Improvement in Belle II algorithms: )
background rejection C

<o

FEI performance with hadronic B-tag reconstruction

. i Belle Il MC i
3 if * BGx0 1
Belle (2007) Cut-based 0.1 0.25 g ]
S o8 *BGX1 1 Belle II Full
Belle FR (2011) Neurobayes 0.2 0.25 i ] . .

06F 1 Simulation study
Boosted 04l ]
Belle Il FEI (2017) ) o o o 0.5 0.25 5 ~ ]
0.2 C ‘n""'o,,_._ ]

of i

2I0 3I0 4b 5‘0 6I0 7b 810
purity (%)
Rejection of the continuum

+ _ _
ee”—qq background Beam background rejection

oo ROC Rejection Plot _ MVA using ECL clusters info
g 035 T T T
095 \ ul” E ] 31— Belle I MC
§ Deep Neural T \ > 03p ) .
g p Sel } o £ Residual energyin §__
&% Network based . ‘ > 0%F - - —Belle MC
= N i < N the calorimeter 1
5 ™ 5 2F =
e ey o aier YIS
§ —_— DNN(E+DL) 0.9950 \\\ - ’ F reconstruction E Be//e II F%//
0go —-—  BDT(E+DL) 0.9940 \ 0.1F = . .
DNN(E) 0.9776 \-; s ; Simunlation
—- BDT(E) 0.9664 ) 0.05¢ E sz‘%aj/
0.75 o PR T T PO PR TUA s e -
075 080 085 0-90 095 100 0001702703704 0506 0.7 08 09 1

Signal Efficiency
Egc, (GeV)



Phase 11 INFN

Tracking without VXD
Tracking Efficiency Tracking Efficiency

e 1
08 ;'~:‘-_ 08 —-—:::
o.s:—' 06} —
“ Phaselll M-
02l Phase Il (hnoVXD) 02l

"o B B ¥ e C R % ?c;.;'b{i 01502 02503 03504 045 0.5

3\ I 2
P, (GeVic) P, (GeVic)

What can we do with phase 1I data ?

Background studies

Detector and trigger performance studies

Simulation validation

Exercising of calibration and alignment procedures
Reconstruction algorithm tuning

Physics measurements (quarkonia and dark sector)



Early physics: the dark sector

+ Light dark matter and light mediator searches in Belle II:

+ Dark photons, dark higgs, axion-like particles (ALPs), mass scale ~GeV or sub-GeV.

+ Production, e.g.: e*e" = M+X, e*e"— Y(ns) = M+X, e*e"— B+X = K+M+X.

+ Example: on-shell dark photon decaying to invisible DM:

+ Signal: single, mono-energetic, high-E photon & peak in recoil mass.

+ Single Photon trigger with 1 GeV threshold.

< m T
‘? 8- Signal example ;.|
§ [ m, =7 GeV "
s ™ "
w it
i .
: iR
2r i 18
' . B
- o *4‘/.. w . .‘.
=] 5F =
c Of % .
-5t 3x10°
0 1 2 3
B2TIP document E.. [MeV]

+ Particularly relevant with Phase 2 data:

+ Low luminosity and lower beam background allow to open up triggers.

+ Small dataset can still give world best sensitivity.
10

L L TS SR

Belle Il (Phase 2)

T \LDMX1@4GaV
LDMX2&8GeV

Belle Il (Phase 3)

My = 3 My
gx=03

PUIYIY Y Y Y I B A s iy ot

B2TIP document

)
m, [GeV/c?]

Belle Il calo more

hermetic than BaBar

Isabelle Ripp-Bandot



Integrated luminosity
(ab™)

x10%

Peak luminosity
(cm3s™)

2

Roadmap

-~ Goal of Belle I1/Super

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

H OO 0O

— ee>A (xx) v | | precision

A TA

Calendar Year

2018 2019 2020 2021 2022 2023 2024 2025

22/06/18



B FEI Calibration INFN

FEI validated on Belle real data

B = D* (D~ (Ktr n)n%)tv ——
B° = D (D (K*r)r~ )ty —
B’ - D~ (Ktr n )¢ty ror—dp—os
B —» D~ (Ktn—nmn nt)lty +
B = D™ (K*tnn )ty —pre
B~ — DD K-nt)y)t v e
B~ — D(D°(K-n)n%)¢ v ———
B~ — D(K—ntn%)¢ v s o
B~ = DK ntrtn ) v s
B~ = DY(K-1+)t-7 ———

0.4 0.6 0.8 1.0 1.2 1.4 1.6
€= Ndata/ch

Figure 4.18.: The overall efficiency correction calculated by measuring the known
branching fractions of 10 control channels on converted Belle data [76].

Thomas Keck’s master thesis



)
Semileptonic decays: B — X v INFN

Year Exclusive B—mlv

Measurement of |V | from 2004 ’
. . . 2008 *
inclusive and exclusive B decays 010
2012 e
2014 'A__)’E‘
. v P
* Inclusive decays measurement 2015 —————
- HadronlCtag on |._:_‘|||
: : : : 25 3 3.5 B 4.5 5 55
Exploit kinematic endpoints to V. x10°
reduce B — X Iv bkg Tension between inclusive and

exclusive |V, | measurements

I dr'(b—c)

L 2 .

= dmx | Vvub| — Alg’u..él/ / (TB AR)

a Measured BR in fiducial B meson Predicted partial
I phase space region lifetime decay rate

a1y

L I I
0 05 1 15 2 25 3 35
m, / GeV




* BY— mlvdecay

- Untagged or tagged (with FEI)

Semileptonic decays: B — X v

Belle II Full Simulation study

- Exploit missing mass and extra energy in the calorimeter

- B~ £V, |3 form factors f; computed with LQCD (PRD 91, 074510 (2015))

Belle Il MCx10°

12 Belle Il MC

1

Eora [GEV]

=

[

25 O
£

qu)

0.8
0.6
0.4

0.2

Q1 050 05 1 15 2 25 3

M2 [GeVA/cY]

signal

M2, [GeVZ/icY]

background

Belle IT MC

—8— tagged + current LQCD

=B~ untagged + current LQCD
current == tagged + LQCD in 5 yrs
status =B- untagged + LQCD in 5 yrs

=8 tagged + LQCD in 10 yrs
—B=- untagged + LQCD in 10 yrs

L [ab™!]
B — n 1 v projections

Belle IT @ 50 ab!: ~3% (inclusive) / ~2% (exclusive 1t 1 v) uncertainty



Belle Il MC
ARRANRARANARRS

Arbitrary scale

0.15F

0.1

0.05F

—B°—>n'l vl ]
—B S X, v ]
— B s ply

Arbitrary scale

0.05f

C I P s ]
-1 05 0 05 1 15 2 25 3

M|2ni§

[GeV3/c?]

Belle I MC
T

0.15f

0.

—B°—>1t’ V] 1
—B S X, Iy ]

0 u ]
—B" = pI'v]

Semileptonic decay: BY — v INFN

Table 54: Summary of systematic uncertainties on the branching fractions of B® — 7~ ¢Tv,
decays in hadronic tagged and untagged Belle analyses with 711 fb~! [271] and 605 fb~! [269]
data samples, respectively. The estimated precision limit for some sources of systematic
uncertainties is given in brackets.

Source Error (Limit) [%]
Tagged (%] Untagged
Tracking efficiency 0.4 2.0
Pion identification - 1.3
Lepton identification 1.0 2.4
Kaon veto 0.9 I
Continuum description 1.0 1.8
Tag calibration and Nz 4.5(2.0) 2.0 (1.0)
X lv cross-feed 0.9 0.5 (0.5)
Xlv background - 0.2 (0.2)
Form factor shapes 1.1 1.0 (1.0)
Form factor background - 0.4 (0.4)
Total 5.0 4.5
(reducible, irreducible) (4.6, 2.0) (4.2, 1.6)

LQCD: current is the world avergage by FLAG group

-5yt w/o EM": We assume a factor of 2 reduction of the lattice QCD uncertainty in the next ve
years and that the uncertainty of the EM correction is negligible (e.g. for processes insensitive to the
EM correction).

- 5 yrw/ EM": The lattice QCD uncertainty is reduced by a factor of 2, but we add in quadrature 1%
uncertainty from the EM correction19.

- 10 yr w/0o EM": We assume a factor of 5 reduction of the lattice QCD uncertainty in the next ten
years. It is also assumed that the EM correction will be under control and its uncertainty is negligible.
- 10 yr w/ EM": We assume lattice QCD uncertainties reduced by a factor of 5, but add in quadrature
1% uncertainty from the EM correction.



R(D*) Belle measurement INFN

Belle PRD 94, 072007(2016) SL tag

R(D) %
Sources (58 = e, p| 058 =e|r58 =

MC size for each PDF shape 2.2 2.5 3.9
PDF shape of the normalization in cos 0p_p=¢ 41(1):(1) fg:é fg'_g
PDF shape of B — D**/uy o R
PDF shape and yields of fake D®™) 1.4 1.6 1.6
PDF shape and yields of B — X_.D* 1.1 1.2 1.1
Reconstruction efficiency ratio €norm/Esig 1.2 1.5 1.9
Modeling of semileptonic decay 0.2 0.2 0.3
B(t™ — (" bevy) 0.2 0.2 0.2
Total systematic uncertainty T T T

22/06/18



D

¥s] Semitauonic decays: R(D) and R(D¥*)

Belle IT

Experiment Tagmethod tmode Rp Rp* o
Belle 07* Inclusive evy, v
. 0.38+0.11 0.34+0.08 -
Belle 10* Inclusive lvv, TV
Babar 12 Hadronic lvv 0.440£0.058+0.042 0.3321£0.024+0.018 -0.27
Belle 15 Hadronic lvv 0.375+x0.064+0.026 0.293+0.038+0.015 -0.32
Belle16 Semileptonic lvv IN PROGRESS 0.302+0.030+0.011 :
Belle 17 Hadronic mV,pV - 0.270%0.035+0.027 -
Belle ave. SL+Had - 0.374+0.061 0.292+0.020+0.012 -0.29

Hadtag Hadtag Hadtag

Experiment SL tag Rp* Rp+, Rp*, Rp,
>hv ™>lvyv ™lvyv

1 MC statistics 2.2 3.5
2 B->D**lvmodelling +1,-1.7 2.4 1.5 4.2
3 B>D*lv +1.3,-0.2 2.3
4 D** decay modes (in2) (in2) 1.3 3.0
5 Hadronic B decays 1.1 7.3
6 B>D**tv (in 2) (in2)
7 Fake D(*) 14 0.2 0.3 0.5
8 Fake lepton - - 0.6 0.5
9 Lepton ID 1.2 1.8 0.5 0.5
10 TBr 0.2 0.3 0.2 0.2
11 Other - 2.3

Total 3.5 9.9 5.2 7.1
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B — sll : R(K*) INFN

** Consider it as a sketch
to show Belle Il can

—8— 70% data Y(43), full 9 months . . .

0.02 Al data ¥(45), full  months provide confirmation of

2017 2018 2019 2020 2021 2022 2023 2024

Year

5 01 T 5 Be”e Il Projection (Feb 2018) LHCb values based on

S 0.14- | ‘ ‘ 1 ‘ naive run-1 extrapolation
) : .« o

G 012 3, (not official)

> - } Belle Il scenarios due to
% s o ‘ | ‘ ‘ operating conditions at
T 008 e NCs o KEK

- 3 o,------- l ———————— 1

g 006 ‘

o

- 70% data Y(4S) 6 months, slow ramp- up

0.04 - _o 70% data Y(4S), 6 months




Flavour changing neutral current
B - KMy

In BSM right handed

¢ — _ :
. QR = (5rYWbr) (e~ ver)
operator for neutrinos

Br(B — Kvp 1
( ) ==Y (1—2m)€.

Br(B — Kvi)gm 3 e

Br(B — K*vv) 1 ,
4 1+ k) €2
Br(B —» K*viv)sm 3 %: (1 4 Kn7e) €

wmuww
5]

~Re (CC%)

CLP + |ChP

Ny =
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Leptonic B decays:

B — pv and radiative B — lvy C

B — uv

Two body decay: p;, = mg/2in B

rest frame

Tagging — better p,, resolution

but small statistics
~2.40 measurement

—_ e
= - o -
=104 & "4 :
= Belle Had Tag ‘
) 5ab-1
m 50 ab-1 _
E1o'5.— SM __
o i 11:5
10°F E
}iA}
107 | c

Belle PRD 91, 052016 (2015) had tag

Events / (0.025 GeV/c)
© aAa N W h oo N oo

JI|IIH|HH‘\IH‘HH‘HH‘HH‘HJ ‘

4 o

p (GeV/c) B" — p v

Belle arXiv:1712.04123 (2018), untagged

L] Data
EB—uv
[l B—nlv
[l B—plv
[JeB
[Jgg+QED |

B—uv x 10

)
NE
-

o]
o
[=]

400

Entries/(50 (MeV/c))
(=]
o
[=)

B — vy
Radiative decay lifts the helicity suppression
* Allows a measurement of Ay — crucial input
to QCD factorization predictions of
charmless hadronic B decays



Leptonic radiative B — lvy INFN
(5
dl e Gamp| V|2
= dE, - 41:871’32 : X$(1 —Xv)[Ff‘ +F\2/]-
Q,mgfp i Qpmgfp Q,mgfp
Fy(E,) = R(E., 1)+ |£(E,) + :
Q, mgf i Q,mafs  Qumafs  Q,f
FA(E) = —uTBlB pip Vo |e(p ) - SoMBle  “uMels | Sels

Beneke and Rohrwild, 2011, https://doi.org/10.1140/epjc/s10052-011-1818-8
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Physics prospects: Belle Il vs LHCb [N/

Observables Expected th. accuracy =~ Expected exp. uncer- Facility (2025) Observables Belle or LHCb* Belle 11 LHCb
N tainty (2014) 5 ab~! 50 ab~! 2018 50 fb!
: [;‘]"g es & sides ex o4 Belle IT Charm Rare  B(D, — pv) 5.31-107%(1 £ 5.3% + 3.8%) 2.9% 0.9%
Z; ] *% 1.0 Belle 11 B(D, — 1v) 5.70-1073(1 £3.7% + 5.4%) 3.5% 2.3%
#3 [°] *r 1.0 Belle IT/LHCb B(D° — ) [10-9] <15 30%  25%
|Vep| incl. ok 1% Belle I1 0 e 4 .
Vgl oxcl. e 15% Balle II Charm CP Acp(D - K Iz ) [10 ]3 -3? +2149 1mn 6
Vo] imcl. *x 3% Belle 11 Adcp(D”— K¥K™) [1077] 34 05 0.1
[Vip| excl. *x 2% Belle II/LHCb Ar [1077] 0.22 0.1 003  0.02 0.005
CPV Acp(D° — %7°%) [1077] —0.03+0.64 £0.10 0.20  0.09
S(B -+ ¢K OO) o 0.02 Belle IT Acp(D® — K%2%) [1072]  —0.21+0.16 £0.09 0.08 0.03
S(B =K% K 0.01 Belle I N
0_0yryn—2 - Charm Mixing z(D° — K% +7~) [1072]  0.56 +0.19 + 2 0.14 0.11

A(B = K% 1072 4 Belle 1T s 013
A(B — K*n™) [1072)] o 0.20 LHCb/Belle II y(D° — Kir*x™) [1077] 030 +0.15+ o 0.8 0.05
(Semi-)leptonic la/p|(D° — K3n+n~) 0.90 & 1% + 008 0.10  0.07
ggg N w; [[ig:i‘]] :: 33 ge}ie g #(D° — K2+x-) [] —6+11+} 6 4

— pv (] elle
R(B — Drv) o 3% Belle 1T Tau T — py [1079) <45 <147 <47
ﬁf,f- —tf DZVE)W — o 2% Belle II/LHCb T — ey [1079] <120 <39 <12

lative enguins — b
B(B - Xuv) g . 2% Bello IT T — ppp [1079] <21.0 <30 <03
Acp(B = Xgqv) 1072 *xx 0.005 Belle 1T
S(B — K%x%) Hk 0.03 Belle II
S(B = pv) *E 0.07 Belle II
B(Bs — vy) [1079] ** 0.3 Belle II
B(B — K*vv) 1079 HHk 15% Belle I
B(B — Kvw) 1079] Ak 20% Belle II
R(B — K*tf) % 0.03 Belle II/LHCh
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