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SuperKEKB (High luminosity frontier machine!)

> SuperKEKB — major upgrade of the KEKB B factory at KEK
> e'e (4 GeV + 7 GeV) - BB mainly at \/scm=10.58 GeV (peak of Y(4S) resonance)

Belle 11

New interaction region

10" BB pairs per year

To obtain x40 higher instantaneous luminosity:
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) P?, ? " > Double beam current
Vb > Major increase by small beam size “nano-beam’
(vertical spot size ~50nm !!)
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Add / modify RF systems
for higher beam current

New technologies: nano beam scheme

Inject low emittance Positron source:
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Belle = Belle 11

High luminosity = higher event

rate and radiation damage to Higher backgrounds

detectors from machine ®

back d P %

ackground processes = o0 - Radiation damage
Touschek : HE
@@@ /\ a~0(1o7nb) - Occupancy in inner detectors
— O = "
Upgrade Belle to have better Beam@gas °e a/ > RadiativeBhabha 2-photon-processes - Fake hits and pile-up

performances in higher radiation
environment

e +e- _:PT (48) — B B KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC

o u*_ (end-caps , inner 2 barrel layers)
— d = o K. and Muon detector

A¢p = A6 ~ 10-20 mrad (for KL)
op/P ~ 18% (for K.)
1% fake ulD rate

EM Calorimeter
Csl(Tl), waveform sampling electronics

EM Calorimeter

oe/E = 2% K

(for E=1GeV) —

Particle Identification BICHHEEEE
electrons (7 GQV) Time-of-Propagation counter (barrel) o se;a?:tig;s
Prox. focusing Aerogel RICH (forward) e

e~94% @ 5% fake
End-caps:

e~96% @ 15% fake
\ (fOr p=1GeV/C)

positrons (4 GeV)

Vertex Detector
2 layers Si Pixels (DEPFET) + g
4 layers Si double sided stnp DSSD :

Vertex detector
oz0~ 20 um

(4x better than Belle)
Central Drift Chamber

Smaller cell size, long lever arm

Drift chamber
orp~ 100 um
OdE/dx ~ 5%

Belle Il TDR, arXiv:1011.0352
T e I celle Il TDR, arAivi1011.0502

stored on disk




CKM UT triangle and tree level measurements
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Current status
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Dominated by experimental uncertainties. A lot more room for improvement



Current status of V,, and V_,
IVub["e=(4.52 +9-19.4,1)x10-8  |Vcb|in®'=(42.19 + 0.78)x102 W

Vub|x©'=(3.55 + 0.12)x103  |Vcb|o*'=(39.16 + 0.58)x103 "

Current world average
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 Longstanding discrepancy between inclusive and
exclusive measurements

- Measurement of V/V_, is important as it constrains the

length of the unitarity triangle opposite the angle o, > /20



How to extract Exclusive V ,?

Pseudoscalar dB(B — nlv)  Gi7p -
i = 25 3P§|Vub|2|ff (¢*))?

Vector BB —Viv) Gipvq’ 7B,

2 2
dq? 0673m2, “HHo (@) + [Ho (¢ + [H-(a)]

ub

« Measure differential branching fractions in bins of g° (Experimental
measurement)

 Form factor through QCD based calculation (theoretical input )

« Extract Vub

* Inclusive and exclusive vary depending upon the composition and
theoretical input

« Measure branching fractions through tagged (hadronic,

semileptonic) and untagged measurements 6720



Methods to do measurement

“Hadronic Tagged” measurement “Untagged” measurement

tag-side : : signal-side ot

Advantage Advantage

. Exact momentum of companion B  Indirect determination of companion
gives good qg? resolution. B momentum spoils g° resolution.

« £ = 0.55% (0.3%@Belle) « € =20% (11%@Belle)

. Improvement w.r.t. Belle is due to « Improvement w.r.t. Belle is due to the

the better tagging algorithms better ROE handling

71720



Belle Exclusive: B - mlv:« 3™,

Phys. Rev. D 88, 032005 (2013) “E Ez;xu'v
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Clean signal in missing mass ~ 0
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values for tagged and untagged modes.



VvV, extrapolation to Belle I

Belle Il will provide more precise measurements (B2TIP)

o 20 .. v :xt ad-tag.)
E ) e _(W:h? II'IC) _ Statistical Systematic Total Exp Theory Total
& R E(IVubi Exc ;untag.l (reducible, irreducible)
2 10k : (‘I_y,,.,l teptonic) |Vup| exclusive (had. tagged)
= : 711 fb! 3.0 (2.3, 1.0) 3.8 8.7 (20) 9.5 (4.3)
“ - 5 ab~1 1.1 (0.9, 1.0) 1.7 4.0 (2.0) 4.4 (2.6)
DR e 50 ab! 0.4 (0.3, 1.0) 1.1 20 2.3
AN |Vip| exclusive (untagged)
A< dr i 605 fh—1 1.4 (2.1. 0.8) 29 8.7 (2.0) 9.1 (4.0)
el I RNt == 1 sap 0.5 (0.8, 0.8) 1.2 4.0 (2.0) 4.2 (2.4)
e o TR 50 ab~! 0.2 (0.3, 0.8) 0.9 2.0 2.2
B 5 2 R —— |Vap| inclusive
2 605 fb~! (old B tag) 4.5 (3.7, 1.6) 6.0  2.5-45 6.5-7.5
5 ab! 1.1 (1.3, 1.6) 2.3 25-4.5 3.4-5.1
Belle I Projection 50 ab~! 0.4 (0.4, 1.6) 1.7 25-45 3.0-4.8
1 HE
1 10

Expected errors in |V_| measurements with the Belle full data sample,
5 ab™ and 50 ab™* Belle Il data.

» Expected: theory error down to 2% for exclusive and 2—4 % for
Inclusive modes

* Most promising are exclusive analysis with hadronic tags: clean and
detailed exploration of exclusive b - u 9/20

« Untagged analyses is competitive too



New V_ exclusive results from
Be"e arXiv:1702.01521

V_ determined by inclusive and exclusive measurements show 2-3o discrepancy

» Signal identified using Hadronic tag

« Signal extracted by missing mass square:

2
Mr%liss = (pbeam ~PBg —Pp pl) (l=eu)

w No‘_a 1 .6 __l T T T I T T T I T T T T T T T T T T _\_
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100 BN B D 1.2~ o
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10 B
- 0.8 N =
1 N T
[~ I L 1 1 I L L L | 1 1 L | 1 L 1 | 1 1 1 I L
-1 . . . 2 o 2.5 523 32 34 36 38 40 42
Myiss / GV V_Ix10°
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V_, extrapolation to Belle Il

Belle Il will provide more precise measurements (B2TIP)

/;"" 6 [ T T T LI I T T T T LI I T L] I_
o \ Bellell  Projection i Statistical Systematic Total Exp Theory Total

é 5 _—'\.“\ - (reducible, irreducible)

™ i Exp. Systematics limited ] ‘Vrb| exclusive : F(l)

= - . -1

3 4 — Total 1 T711tb 0.6 (2.8, 1.1) 3.1 1.8 3.6
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o - NN, Theory (current) 423 th~1 4.5 (3.1, 1.2) 5.6 2.2 3.6
A T e 5ab! 1.3 (0.9, 1.2) 2.0 1.5*% 27
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= -
0 [ 1 |
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Expected errors in |V_ | exclusive measurements with the Belle full
data sample, 5 ab™" and 50 ab™* Belle Il data.
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?;

o, from interference between B- - D°K- and B-- DOK- using tree level B

decay b, ~—arg(V,,)

S o b > > U 3
Color allowed W~ i K Color suppressed DY
L B W

C
— > c
B- b ol S _
i ) U T - .
U Uu
B- - DK- ~V_V*
- cb ' us B- - DK- ~V_V*
~ A3 Augﬁ (CS + in)
i =1 »~ 3 - 1
As(B~—DYK—) r Ff(ﬂ'f;z-c:i;{} P
Ap(B——DOK-) ~ 'B°

Combine results from various B and D decays, . .
Extraction of @, by combining

Using different B decays: DK, D*K, DK* . .. information from all measurements
Different hadronic factors ( r,, 6,) for each B decay mode

Three main methods for various D decays:
— CP eigenstates : GLW method PLB 253, 483 (1991),
PLB 265, 172 (1991)
— Doubly - Cabbibo suppressed decays : ADS method
PRD 63, 036005 (2001) 15 /5

— Three- body decays : GGSZ ( Dalitz) method
PRD 68, 054018 (2003)



Current Direct / Indirect sensitivity:

Measure ¢, direct(tree) and indirect way (loop) and compare to see effect
of new physics

+5.4\0 . . o o o +1.0
Current direct sensitivity : ¢, = (72 1_?_);) Current indirect sensitivity : ¢, = (65 3 25)
NI m T - \-CE
05 ‘g : —; 05 ;—‘;ﬁ sin'ﬂh- :..s...-mm_<c=_;
ol /o), W7 T e ns s O o5 o ps 0 SRS
- T) . 04 -0z 0o 02 F-) 04 0s [iR:] 1.0
S L\ selen Pojeciongezom
g 10 S
Why best ¢_sensitivity is from Belle |l ? s |
Along with leading modes K*n’, K*K’, n'm’, K n°, o
Ksn*m, K K*K', Any final state can be i
reconstructed including those with vy. i
ol L 1 Lo o boow oo byw o b o by

] 1 ] ] ] I
2017 2018 2019 2020 2021 2022 2023 2024

With 50 ab™ data: Forseen ¢_ precision of 1.5° Year



B-D*tv - powerful probe for new physics

T
R(DW) = [ =
(D) = B ooy 0= e
[+ - ) c
(+)y _
P’T( ) — 1-\+ _|_ 1-\_ B Vcb ~
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, q q

SM predictions
R_= 0.299 * 0.003

R = 0.257 £ 0.003 / ]
D* |
P (D) = 0.325 % 0.009 T

P (D*) = -0.497 + 0.013

e Sensitive to new physics models through charged Higgs
and leptoquarks at tree level diagram

« Ratio of Branching fractions cancel several uncertainties

« Measured by Belle, BaBar, LHCb show a large
discrepancy from SM

14 /20



Belle Results summary

D

.,_‘h v(———-

B - D*fv

f

V o A
e 14
Tag method || 7 decays Observables | Fit Variables Result
Hadronic v, iy Rp Mz2. . ,OnB 0.37520.064(stat)40.026(syst)
Phys. Rev. D 92(7), 072014 (2015)
Hadronic v, i Rp~ M2 . Onp 0.29340.038(stat)40.015(syst)
Phys. Rev. D 92(7), 072014 (2015)
Semileptonic|| [Tv, Rp-~ Egcr,Oypg 0.30240.030(stat)+£0.011(syst)
Phys. Rev. D 94(7), 072007 (20186)
Hadronic h™ v, Rp-~ Epcor,cospe; | 0.270+0.035(stat) fgg%i (syst)
Phys. Rev. Lett. 118, 211801 (2017)
Hadronic h™ v, P.(D*) Epcp,cosOpe | -0.38+£0.51(stat) J_“Hﬁ (syst)

Phys. Rev. Lett. 118, 211801 (2017)

Advantage of different tag methods

Semileptonic: Efficiency 0(0.2%)

Hadronic: low background, Efficiency = 0(0.1%)

15/20

Inclusive: High background, Efficiency: O(2%)




R(D*)

Status of B —» D*tv

Current measurement of R(D*) and R(D) from world
average

0.5

0.45

0.4

0.35

0.3

0.25

0.2

T T
[ = BaBar, PRL109,101802(2012) 2 ]
- ——— Belle, PRD92,072014(2015) Ay~ = 1.0 contours -
u LHCb, PRL115,111803(2015) . .
[ ———— Belle, PRD94,072007(2016) === SM Predictions 7
~ e Belle, PRL118,211801(2017) R(D)=0.300(8) HPQCD (2015) .
[ ———— LHCb, FPCP2017 R(D)=0.299(11) FNAL/MILC (2015)
—_ [ Average R(D*)=0.252(3) S. Fajfer et al. (2012) _]
. ] l g 2o ':
N ‘ FPCP 2017 ‘:
— P() = 71.6% —
I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
0.2 0.3 0.4 0.5 0.6

4.10 deviation from SM

Constraint on NP models

0.6F

04|

tan3/my+ (GeV™!)

prediction of R(D" ) from 2HDM
model as function of tanB/mHiggs

16 /20



Extrapolation to Belle Il

% 0-5_"‘I""\""\'"‘I""I""I""\""_
Q _ Belle Il Projection . ]
« Confirm the excess with better sensitivity ® - ~ Belle Comvinaton ICHEP 2016 Preliminary E
« Better understa nding of baCkg rounds 0.45_ f?ﬂiﬁ?ﬁ?ﬁfﬁggz 054410 (2015), PRD85 094025 (2012) _f
specifically B -» D** | v (most delicate BG) = .
0.35— -
 Belle Il will provide tau and D* polarization - @ 1
with better sensitivity 0.3 ® E
= T T T T T T 0.25— = .
o —R(B_'Dt") 02_..1ﬁ|c‘.m.tours......|..|..|......_
E | ~RB =DtV “7 7025 03 035 04 045 05 055 O.
o[- SRR R(D)
g e Belle Il sensitivity
......................................... 5 ab-l 50 ab-l
RN R,  (6.0£3.9)% (20+25%
R, (3.0+25% (1.0+2.00%
Hl TR e P(D*) (0.18+0.08) (0.06 +0.04)
Bellell  Projection
ooy il 5 i

10
Integrated Luminosity [ab™]

First uncertainty is statistical
and second is systematic

17/20



Summary

T T T T T

« Belle Il aims to provide 50 ab™ at Y(45S) “Fe - Grom
within its runtime (Belle: one ab™) na L e with 50 abs
» Measurements of the Belle Il will test CKM .= “ owecty 3
unitarity with 1% precision. a3 ¢ =
« Most relevant contribution to using CKM .= N E
physics to probe new physics is significant ~ *# /. R o~
improvent of V_and CD3 at Belle Il s e

« ~40 discrepancy from the SM remains

for the world average of R(D(*))

» The precision of all these o rﬁ Y I
: : o5 5 sl | Y.
measuremenFs will be improved by the N e 11 with 50 Sl
Belle Il experiment =l . (Indirect) E
(May point to new physics?) "3 J. :
e ] ¢ E

18 /20



More Belle and Belle |l Flavor talks

FP parallel session

N. Dash: Recent results on FCNC B meson decays at Belle

S. Sandilya: Radiative and Electroweak Penguin B Decays at Belle Il

Giacomo Caria: Recent results and prospects for B -» D*tv , B = 1v,
B —» pv (already covered)

Plenary talk

Phillip Urquijo: B physics recent results and future prospects at
Belle Il

19/20
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