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Introduction

¢ B-factories had a successful operational period (10 years) 1.5 ab™' (1.25 x 10’ Bpairs)

¢ Observation of CPV in B meson system and confirmation of CKM picture, first
evidence for mixing in the D meson system, first evidence for exotic states
X(3872) ....

¢ Still room for NP.

¢ Belle II, as a next generation flavor factory, aims to search for NP in the flavour
sector, and to further reveal the nature of QCD. ¢ All subdetectors are upgraded

¢ First Pixel layer closer to IP
Belle 11 Detector =R iR o tethon — Better vertex resolution

- Resistive Plate Counter (barrel)

y %_?‘mﬁillatﬂ{ > WLSF + MPPC (end-caps) ™ Larger Vertex Detector
— Better Ks efficiency

' l ¢ TOP and ARICH

S i fication — better K/ separation.
of-Propagation counter (barrel}

- focusing Aerogel RICH (fwd) ¢ Better performance than Belle

P even under 20 times higher
bkgs.

' EM Calorimeter:
Csl(Tl), waveform samp
Pure Csl + waveform sampli

Beryllium beam pipe
2cm diameter

Vertex Detector /
2 layers DEPFET + 4|
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positron (4GeV) | Phase 2 : ongoing w/o VXD
Till mid-July

Phase 3 : Full detector operation
by end of 2018

Central Drift Chamber
He(50%):C2Hs(50%), Small cells, lo
| lever arm, fast electronics
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**Already covered by Vishal Bhardwaj
Detail will be covered by Thomas Browder on 18" in Review Talk




¢ FCNC b—s and b — d processes continue to be of great importance to precision flavor physics

¢ Final states having color singlet leptons and photons are both theoretically and experimentally
clean, radiative and electroweak (EW) penguin B decays are i1deal place to search for NP

¢ Belle II physics program in this area will focus on process such as inclusive measurements of

B—X ¥ B—X  Ilaswellas decay B—K®vv

¢ Belle II will be very capable of B-meson decays into final states containing pairs of photons,
neutrinos or taus (Fully-inclusive measurements)

¢ Belle II will provide an independent test of anomalies recently uncovered by the LHCb and
Belle experiments in the angular analysis of B — K*u " 1~ and in the determination of R(K).

3
** Most of the Belle results are covered by S. Sandilya



B —X

(S’d)y

The inclusive B — X .

many possible BSM scenarios and SUSY theories.

v decays provide important constramt}s on masses and interactions of
Sensitive to NP

The inclusive B — X w0 B.F. is sensitive to

|C, | and in the new phys1cs models such as 2HDM type 11 and SUSY.
Precise prediction is available (for the CP- and IA branching ratios) for EY >1.6 GeV :

L\-\.-'lll [ 1 Bﬁrghgé ?lt?lzi.é[m? Misat.a:;c.ﬁel %l 22:[;15
El-..‘-;_ I E:i-:i[i:l:[].f_}r:ij 'l[] - . ||||I|l'|l|l_!ll'|lllFl-ll_l-llllllllllll|
o Belle 2015 711fb’ ) . 3.75+0.18 + 0.35
SM 012 g W< 58 Gev T
Br " = (1.737553) - 1077, abar 2012 42010 . A
- B0 o
PRI ]]4. 22]80] (20] 5 EPHP .&[IJ(]‘U 605" — 3.47 + 0.15 % 0.40
E. > 1.7 GeV
Ba 34 018 + 0.31
BréP = (3.274£0.14) - 1077, . i
2 CLEO 2001 9.1’ = 3.29 + 0.44 + 0.29
E, > 2.0 GeV
BriiP = (141+0.57)- 107", P 3oRaH 18! .
___JHEP, 04, 168 (2015) PDG 2015 4 49+ 0.19
. . E. > 1.6 GeV
¢ Systematically dominated HFAG 2014 3.43 4 0.21
. f—-”\l 1.6 GeV
¢ Exp. and theory are consistent — puts a D I 3124010+ 0.21
.. . . > 1.8 GeV
StrongllmltonneWPhYS1CS- lllllll]lll!llllllI.]Illlllll]lllllll
¢ The newest Belle result with fully 1.6 2 25 3 35 4 45 5

10
inclusive method has only 7.3% uncertainty:systematic domifB — Xs Y) g, > 16 Gev

Charged Higgs mass (2HDM type-II) > 580GeV in 95% C.L.
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b | Belle Il Prospects

¢ 3.9% total error will be reachable with 50°b™! -

-which is comparable to uncertainty due to

non-perturbative effect (which is hard to
reduce) in theory. [ Misiak et. al PRL 114,

¢ Mission at Belle II 1s to reduce the
systematic uncertainty with more data.

O
o~
1
LL

201
B - [Inclusive + lepton tag
—— Sum-of-Exclusive

|.]|.I|JIJ[|

221801 (2015)]. 15k Inclusive + Hadronic lag ]
¢ BF with EY >1.6GeV can be measured w/o 1 0: _
extrapolation B 1
p : ] :
5 M ]
0: | L -
10° 1 10 10

Lowering the photon energy threshold will
however increase the size of the systematic

1 .
uncertainty due to hadronic backgrounds. (5-10 ab™ will be recorded in ~ 2-3 years)
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B —X vy : Rate Asymmetry

¢ In addition to BFs, asymmetry in decay rates (isospin asym. and CP asym.) are also
sensitive to BSM contributions
¢ The direct CP asymmetry in the time-integral rates is defined as:

['(B—= X)) -T(B = Xz AA B—-X7)=A B'->Xy)—-A (B'—=X"%)
4”3 = cp q Ccp q CP q
[(B = X,7) + (B = X) - -
T 4 T T T — T (2 BEEE EATAD RAEES RLEED LAY BALLEE SRS R
. o Belle Il P t Babar 2012 3471 5760418
¢ SM predicts : B — Xsy and B — Xdy{u 10 i;ia XL : Lop.og —a—
AN ) = [70.6,2.8] % e ——y
SM 0 Had tsg  #— R
AM = [62,14] % I
A i (o= s
o A, for the sum of bosy & body is = A% ng?é{;"z g o 8900
predicted to be very small B i | i, ).........OT.T..'HIII%‘?!'PI.'! |
piil A -40 -30 20 10 0 10 20 30

close to zero, thanks to =L |
( > 107" 1 10 10 Acp(B = X, 7)

the unitarity of the CKM matrix) ab’”
¢ AA_ sensitive to phases in C_and C, Uncertainty in : oo tral
In the SM , phases in C_and C_ are zero > AA__=0 A :£0.6 % —3.7c | HIC eI
. . 7 8 , cp CP alue not
¢ If either is deviated from null, clear NP signal! AA 0.4 % change

BaBar’s measurement AA__ (X vy) = F(5.0E£ 3.9 £1.5)%]|
most of systematic cancels, CP * s

statistically dominated @ Belle II (50 ab™) [Belle II : +(5.0+ 0.37)%] °
T. Hurth, E. Lunghiand W. Porod, Nucl.Phys. B704 (2005) 56-74, M. Benzke et. al, PRL 106, 141801 (2011)



b—qy Exclusive modes

[sospin asymmetry i1s defined as :

i AT(BY = V0 ~T(B~ V)
& T(B = V) +T(B- = V)

=2andc *= ] are isospin-symmetry factors

C
p0

To accumulate more statistics, CP-averaged [As can be defined as: ] — (I’I ] + I’I :l [

aM(K*y) =(49+26)% a7 PK'y) =(52+2.6)%

ai"(py) = (5.2 £2.8)% a, ?(py) = (30312)%
PRD 88 (2013), 094004 HFLAV 2017 considerable uncertainty
The observable with reduced & aplpy) F[B — py) | Vi

uncertainty ap (K *J\, (B — K*7) |Via|
Sq1 = 0.10 £0.11

6P = —4.0 +3.5

al

Can be improved at Belle II with more statistics. 7



b— sy :Time dependent CPV

¢ Mixing-induced CP asymmetry in an exclusive b— sy mode such as B — K”‘(anO )y is an

excellent probe for particular class of NP scenario sso0-| B K
M, (GeV/c?)
¢ In the SM, expected asymmetry |S_| 3000
2?‘?15 . E
o sin(2¢,) ~ a few %. 2500
b. . : : -
¢ At Belle II, significant improvement in the R PPt S T
determination of ACP(t) in Ksno v 1s expected 1soo—  Slgnal 7
- Larger VXD than Belle (6cm — 11.5¢m). 1000} g()ll)t;luum
- 30% more Ks : R
. . : 500 —
- Effective tagging efficiency i
¢ Expected errors for S measurements of K i’ yand p°y 82 sz sa sz - 5(.33\” )
S be evic
Mode | 5 ab? 50 ab? R — ——r—r——
w 11""""‘4._? 15 2 B | . 0.6| —— Belle 2006 l =]
ok e, | kmoy |0.09 |0.030 = o :
: i 1 po'}/ O_ 19 0_064 04: Belle 11, S0ab _:

0.2[ u

of

10 B )
- -0.2} »
—0.4f =

- - SvsA in B—K*y
' -0.6F e -
B —Kg %%y FTTTTTTTT 1 o b aaabae c Faw il e o o raaaf e o g g
! | . 06 -04 -02 0 02 04 06
10—2 L g gl L L s iaal L 1 Ll i i L] S

101 1 10 10°

b 16c deviation with 50 ab1.
a




R(K), R(K'), R(X )

B — K 11 proceeds via one loop diagram, and LU holds in SM .
Current Ry, Ry results

]| prepr—p———————————(—————————

< . Ry

) SE=———, - by G T RRRERRRRN
3 i I E} sk Beife .H 218
5] iy o o T o iend  5akJUee ) Premnary
LHC ane | i% !
i 5 0 5 20 EEDE- |
7 [GeV? /el
--LHCh -m-BaBar —aBelle
T e TLTL ST B SR S
Sl LHCb -
1.5F RH’ ! - T
| | Me'e) (6eVi)
I } T s 1 @ However electron mode is challenging at LHCb,
f ?'_4"_"] ' f especially for high q°
T S : 1 ¢ BelleII:
I — i BT electron and muon modes have similar efficiency
0 5 10 15 20, Both low and high g° regions are possible

| . : TRyl All ratios R(K), R(K"), R(X ) are possible 9
Ratio of B—K®” ppand B — K" ee



LU test : R(K), R(K’), R(X )

Expected uncertainty of R measurement at Belle 11

FBE‘IDE | | 1R | | II | | ;&"10? | IIII1"| 1 1I1'I"| ] I EELED FBE1D2 ] |1I| | 11"”. I ||I|I
. Belle Il Prospects il Belle Il Prospects ‘:, Belle Il Prospects
- Re £ | : i ~Ry |
v - w e :
R
10} - 10, 10
LHCh v LHCh ' e
[ qie de ¢’ e
~[1.0,6.0)GeV" '| —[1.0, 6.0]GeV* ~[1.0, 6.0)GeV’
—[14.4, max]GeV* -~ =[14.4, max]GeV? —[14.4, max]GeV?
1 i Liill il L .! 1 (il i Ll i Lid 1 Tl P44 il L el
10" 1 10 10° 10" 1 10 ¢ 10" 1 10 10°
ab @) | R, _ BR(B = X | [ab]
e BR(B — Xee)

e The errors reach to 0.04 for all K, K and Xs modes in Belle II (with 50 ab™)
* Errors are still statistically limited (systematic error ~ 0.4%)

Belle II should be able to confirm the R(K® ) anomaly with a significance of 5o, if it |,
1s indeed due to new physics.



Angular Analysis B — K'1'T

P’. measurement results

Full decomposition of angular distribution = o
1 d'T 9 31 _ Frein?fe 4 Fr ooa?d == e LHCbdata = ATLAS data ]
; — | =1 — F)si1 + Fp e .
:]1'..'\[(}3 d eos 0y deos g de dg? 2= |4° el = 05" " = Belle data CMS data ]
1 B 5 from DHMWY ]
,_,---*"'t + (1= Fi) sin® #g cos 26, [ sM from asze |
- ) o T R e - *
{I} a — Iy cos? g cos 20 + 5y sin® g sin® Uy cos 20 J.: | 1
i H‘.‘_BD/ + 54 5in 20 sin 28 cos & + 55 sin 20 sin Gy cos ¢ n = 1 -I_. |. I ]
‘x. &- t‘ ':j .__,..--"’ t Sesin? @y cos s + Sy sin 20 sin 6y sin & g ] ) E E %-— > + L { _ﬁ
GK — % -LF -_ ?_'l-' _— ) | J

Ca : : i e G T S —
f Sgsin 20 sin 28 sin @ + S 8in° &5 sin” #; sin 2r_:J. Iﬂ

S 3.70 tensiém frDrﬂlgl‘ﬂ qzl[ijcx-*zs 41

Opflm.lZE'd Pi_4568 = i Flavor- dependent P’ @ Belle
observable CVERO-F)] 250 (combmed) = St o o 2co |

I';— Eleciron BModes |

tension os o _:

. . ’ * g i i "1 : 1 | ]

¢ Global fits including P_ Q_R(K b R e — ]
g P, Q (K, 1 mode 2.66, .| '_+:__' LR, T

B, —p p, Bosy suggests C, ™ = -1.1

Belle IT and LHCb will be comparable for thy
¢ electron mode more efficiently and can also explo

emode 1.1 -0 |

Nc:- Ieptor‘l ﬂavor vlolatlor‘l seen so far I
IOCCSS. 18 5 T = 20
> ch‘r Je?]

[ &

¢ Projection of uncertainties at Belle II for P_ 2 / &,

g? (GeV?c?) Belle Belle I - ' | ') *

Low q’ region < ° '
0.1-4 0.42 0.06 B L A g
4% error with 50 ab
4—-8 0.28 0.04 comparable with i

LHCD 22fb™ result S8

10.09 — 12 0.34 005 -

14.18 — 19 0.25 0.03 Capdevila, Crivellin, Descotes-Genon

Matias, Virto, arXiv:1704.05340



B — Xsl+l'

I+1- Fwd-Bwd Asymmetry A )

. +1-
¢ Measurement of BF and AFB inB— Xsl I"at Belle IBelle, PRD 93; 032008 (2016)]
¢ Sum-of-exclusive method is utilized Jhy y(2S)
¢ Tension in low q° region 0.5
¢ Measurement can be improved at Belle II. ) ;
= ]
D'_Tg' 35| TY T UL L T 11 ""': ia—el 102_ 1. O, A S "'“T_ -
g Belle Il Prospects g Belle If Prospects - -0.5
g 9 dBF(B - XM)def | & A:4(B 5 XJ) :
5 | | © O
- 25} e 5 10 15 20
c A (Xsll) 2 (GeV?/
20 BF(Xsll) ru(XSI) e
[ 2 OF - o A i S
b “l_]' [ E |Belle2 Projections: Inclusive b—sll
15 ' [ Conours: S Pua i Sok: B 8 AFB
L 1.5} 7 : = ; )
- e
105 =110, 35066v" [ |
—[35,6.0)GeV* - [; 03 100 |
5! [14.4, max]GeV* 14.4, max)GeV’ [ |
f | , 32 05
| ——— 1 E
10" 1 10 ¢ 10" 1 10 10° 0.0
[ab) [ab"] M e ea iy gl
“yf \ 2\ i s J*I ; .' .'r
¢ Decay rate dBF/dq’, A_Sensitiveto C and C e RN O\
¢ Precise theory prediction available BT ATATRTRAN NN AT
20 -15 -10 -05 00 05 10 15
C

T. Huber, J. Virto, A. Ishikawa
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¢ Proceeds via penguin or box diagrams , Penguin |
¢ Theoretically very clean channel , Box P -
(no charm loops) ’ i
Mode B (10~°] b e ; :
- 2 00 . W

Bt — K*vv 3.98 +0.43 £ (.19JHEP 02184, 2015]

0 0 b : ®  BaBar hadronic == SM prediction
!f — }‘quﬁ’.‘f l,?{q'j .n ”_E” :t ””” Belle hadronic Belle semileptonic
: _ .- A BaBar semileptonic
BY - K**vi 9.91 +0.93 + 0.54 T
B — K**vv 9.19 4+ 0.86 £ 0.50 - .

— @
Ktuw K*tuw .-
: & 2 > ¢
sl TL {+ ] S
D2 0.4 0.6 na 1 1.2 "-':I; n.a2 0.4 0.6 :'fl:-P.‘ 1 -1.2 ;E —
E.., (GeV) E... (GeV)

¢ Belle updated b—(s,d)vv measurement —

with semileptonic tag 00 e

[PRD96, 091101(R)] NTwve Bgvy KWwve KWve e v v plup

¢ Most stringent limits till date in most channels
¢ Close to SM prediction in K" mode Golden channel for Belle 11

B decay channel

** well explained by S. Sandilya



b — svv : Belle II prospects

¢ Brighter prospects for Belle II to observe this decay.

Expected uncertainty at Belle 11

slal 0n|‘f tOT-al ¢ Belle II extrapolation based on Belle hadronic
bl 10% 11% and SL tag analyses, assuming 100%
B K"
3% 9o, ¢ observation with about 18 ab™!

¢ precision on the branching fraction at 50 ab™

B =Ky
Bf =y 8% 10%

¢ BF(B—K(*)vv) is measurable at Belle II
with about 10% uncertainty.

14



¢ Many detector components and electronics replaced, software and analysis also
improved

¢ Belle II has a rich physics program, complementary to existing experiments and
energy frontier programs

¢ Belle II experiment will contribute strongly to apply further constraint on BSM and to
understand the current anomalies, with abundant rare B decay data:
1.Radiative penguin B decays
2. Semileptonic penguin B decays

¢ Moreover, Belle II has a sufficient ability to discover other interesting decay channels:
B — K(*)vv




Extra
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Double-Radiative Decays

: ; B —vyy Exp. status N
SM qd° ti Bl{Bh = H:‘ﬁ.f)vxp <3110 [],
preaicuaon ‘ 00%%
Br(B, — vy)su € [0.5.3.7 - 107", [Belle, PRD 91, 011101 (2015)] ¢,

, - UL
3.2.10°7,
621077,

J/

Bl’[Bnr — ":r":r;':-;:'n.[ e [l[] :}H] 10 8 . Bl’l:B,,r — F:‘H.")‘It:xp < {

[JHEP 08 (2002) 054]  [BaBar, PRD 83, 032006 (2011)]
[Belle, , PRD 73, 051107 (2006)]

¢ Belle II will be able to discover B, —yy with the anticipated 50 ab™ at Y(4S)
¢ large data at Y(5S) B, —yy can be observed

B —X vy

B —X yy decays are suppressed by a_/41t compared to B —X y

Br(B = X,1y)sy - =(0940.3)-1077,  [PRD 93, 014037 (2016)]

¢ Measurements of the double-radiative decay mode would allow to put bounds on 1PI type
corrections.
¢ One can study more complicated distributions like, double differential rate

(d°1/ dE dE ) and forward backward asymmetry : sensitive to BSM physics 17



Lepton Flavour dependent Angular Analysis B->K*I1

ar 1k —r r 11 1 —
C e LHCbdata © ATLAS data i
L— : = Belledata © CMS data i
0.5H TS W SM from DHMV ]
-:-f —— 7| SM from ASZB i
0 ‘ ‘ I SMASZS R 74 0015382 |
-0.5 { _L__. : /F: - E@
- 07 | REN
ol | 7:]:_:1 P P B
0 5 10 15
LHCb: 2.8 and 3.0 ¢ from SM q2 [Gev 2{C4]
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Lepton Flavour dependent Angular Analysis

Expected uncertainty of P’;  P’; measurement results

= a0l SRR ] 3. }'Utenmnfrnm SM
o Belle Il Prospects g " -
i 2 F' ' o LHCbdata o ATLAS data

20+ H = Belle data CMS data

I SM from DHMV =
L1 5M from ASZB

-'\.'_

10 t';urrent LHCb

region B 7 o -
4t regiort A -0 1 3 = -
3r  —P,[4.0,6.0)GeV’ ’ % B y
— P, [2.5, 4.0]GeV’ 2k g b
: - Belle 11 50ab? .
2 P, [1.0, 2.5]G6V" elle * ab : ':'. i:} '|I4-'|
' T F ¢* [GeV?/e']
'I 1 . R R ! |.1¥.....E ':JEI qr.rE
10 1 10 10 2 9
[ab’] m

4% error with 50 ab™

— comparable with  LHCb  22fb™ result 9



Belle II Projected Sensitivity to (some of ) Angular Observables

Observables Belle 0.71 ab™!  Belle II 5 ab™!  Belle II 50 ab™!
Fr (1 < ¢* < 2.5 GeV?) 0.19 0.063 0.025
Fr (2.5 < ¢* < 4 GeV?) 0.17 0.057 0.022
Fr (4 < ¢* <6 GeV?) 0.14 0.046 0.018
Fr (¢? > 14.2 GeV?) 0.088 0.027 0.009
P! (1< q? <25 GeV?) 0.47 0.17 0.054
Pl (25 < q < 4 GeV?) 0.42 0.15 0.049
P! (4 < ¢* <6 GeV?) 0.34 0.12 0.040
P! (¢? > 14.2 GeV?) 0.23 0.088 0.027

Belle Il Theory Interface Platform (B2TIP)
(https://confluence.desy.de/display/Bl/B2TiP+WebHome)

6th Belle Il Theory Interface Platform (B2TiP) Workshop, KEK

https://kds.kek.jp/indico/event/27330/
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Constraint (9526 C.L.) on

Charged Higgs{(Z2HDM type-ii)
THDM Type |l - Flavour constraints

1 1 1 I
200 400 600 800 1000
M. (GeV) arxiv:1706.0741:
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