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NP in radiative and EW penguins Belle I

- FCNC processes: suppressed in the SM; only via loop and box diagrams

[b > 8’}’} [b o sl+l_J [b — sw/} B~ 107" and less

- High sensitivity to potential NP contributions in loops or new tree diagrams
— enhancing/suppressing decay rates, inducing lepton flavor violation, H
affecting angular observables, etc.
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NP in radiative and EW penguins Belle I

- Effective field theory description (NP model independent):
left-hand  right-hand

4G
Lo = —FVtS A4 T[Cio,i]—l-[(j‘;.'@ﬂ C, - Wilson coefficients — short distance
\/5 0 Q; - operator matrix elements — long dist.
- radiative and EW penguins sensitive to Cé’), Or ~ (sLo"br)Fu Photon penguin
Cé’), Og ~ (51v,br)(Iv*1) EW vector

C]Eb), O10 ~ (517.br)(Iysy*1) EW axial-vector

- NP can contribute in (¢, — cSM +¢cNP | (¢! — ¢/SM 4 /NP |

> mg/my suppressed

- different observables sensitive to different combinations of C;‘s

— pinpoint NP contributions by measuring many observables
— exploit the power of global fits to understand its nature
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Belle II @ SuperKEKB — B factory of 2™ generation Bello I
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Belle II @ SuperKEKB — B factory of 2™ generation Bello I

- SuperKEKB: asymmetric e e~ collider operating nominally at Y(4S) = 10.58 GeV

Resistive Plate Counter (barrel)

KL and muon detector:
“Scintillator + WLSF + MPPC (end-caps)

EM Calorimeter:
Csl(TI), waveform sampl

(+ large number of D, 71

. . e 35 -2 —1 ) TR e gation counter (barrel)
Design luminosity: 6.5 x 10°° cm™“s dlectrof [7GeV) e = ii ReroslicH )

30 x higher than KEKB ( Beryllium beam pipe

[f,ZZZTZZIZ;O, /

2 layers DEPFET + 4 |a s | S
- Belle II: general purpose spectrometer =
=

[Central Drift Chambe

positron (4GeV)

He(50%):C2Hs(50%), Small cells, long

coverage
- 47T g lever arm, fast electronics

— clean e"e” environment with known
initial state!

— good charged track reconstruction efficiency, particle identification, gamma reconstruction

— excellent vertexing (o ~ 60um, for B,D vertices)
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Belle 1T

So far collected data

- SuperKEKB achieved world record
instantaneous luminosity of Belle Il Online luminosity Exp: 7-26 - All runs

mmm Recorded Weekly

4.65 x 10%* em 257! r 400

2.1 x 10°* em™2s7! @ KEKB
1.2 x 10** em™2s~! @ PEP-II

- 350 57

10L0 e -} 250

- Belle II data taking efficiency ~ 90%
- 200

) Recorded luminosity @ Belle II 7_5 S U PVPUPOTORRN N PRI 1. -o-cc. PO

> 400 fb~*

988 fb~! @ Belle
513 fb~! @ BaBar

- 150

5_0 g 1 Y [T - RN - W

- 100

T ai 01 I
0.0 -—-n|||||HH |,

- After LS1 boost in instantaneous luminosity 2019 2020 2021 2022

Total integrated Weekly luminosity [fb~1]
Total integrated luminosity [fb~

— expect 50 ab™! in the next 10 years
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Belle 1T

S ~ — efficiency
> 1.0 : 000Ooovotvoo:ootooooooo.qv
[ peovee? ?
) HH”“H T
— ot
— 1# barrel region only
© 05F
- 4 data Belle Il  Preliminary
g boMC [Ldt = 712!
‘g ooL0—e e e
w
1.025
<
Elo
<|= 1.000 boptotpbrtitgl tT*HHn{‘, H
51 W typtypapat e ’ t
0.975

1

- excellent and well understood 7y reconstruction efficiency

(important also for 7%, 7

2 3 4 5
Precoil [GeV/c]

reconstruction)

- excellent lepton ID (both, e and 1)

- good hadron ID

- improved reconstruction algorithms w.r.t. Belle
(e.g. Full-Event-Interpretation)

L
NOR o

=
o

u~ 1D efficiency, h~ - u~ mis-ID rate
= Rk R > o © =
) ~ o 2 N ESY (o]

=
o

e~ ID efficiency, h~ - e~ mis-ID rate
o ©o o o
NOR o0 @

e
o

o
o

:_Belle I (Preliminary)
éfl_dt= 190 fb~!

KLM Barrel

[ (0.82 <6< 2.22 rad)

+4++

Jw—ptps

ete - —ete utu-

efe —utuTy

K2-n*tn~ - m mis-IDx3

e*e” = 1*(1p)T¥(3p) - m mis-IDx3
D** - DYK nt)nt - K mis-IDx3

—— ——
3= *
e
J_F_ — L
[ Belle Il (Preliminary) + Jly—sete

[Ldt= 190 fb-?
ECL Barrel
L (0.56 <6< 2.23rad)

4+

ete " sete"ete”

ete"—sete (y)

K2-n*n~ - m mis-IDx10

e*te” -» t*(1p)T¥(3p) - m Mis-IDx10
D** > D%K-n*)nt - K mis-IDx10

e — 1D

p

[GeV/c]
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Rare radiative B decays (b — s7) Belle II

- variety of techniques and observables accessible at Belle II
N

Branching fractions, Isospin asymmetries, CP asymmetries
inclusive / exclusive Inclusive spectrum parameters: my, p. — inputs for inclusive | V|

- most precise measurements available from Belle

*
B—+K'y B XY
BF Precision 3% (3] 10% [2]
b — sy inclusive BF ———— "
theoretically well (B% = &)
described in SMis, [¢]
BR(BT — K*t+) &
Acp consistent with O and SM predictions [, [3], [4]
. . . . _R(B‘, — q‘fr) - B
A, first evidence for consistent with O [1]
~Isospin BR(B — X.7) ——
violation @ 3.1 0 (3]
[1] Phys.Rev.D 99 (2019) 3, 032012 [4] hep-ph/1608.02556
[2] Phys.Rev.D 91 (2015) 5, 052004 [5] Phys.Rev.Lett. 98 (2007) 022002 all BRs 1 ——
[3] Phys.Rev.Lett. 119 (2017) 19, 191802 [6] Phys.Rev.Lett. 98 (2007) 022003
* 0 %0 *
Acp = [(B— K ) —T(B = K') 04 = D(B" — K™y) — D(B — K™) —0.10 ~0.05 0.00 0.05 0.10
[(B— K'7)+I(B— K*) (B0 — K*09) + T'(BT — K*7) Re ONP JHEP04(2017)027
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Rare radiative B decays — measurement techniques
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Belle 1T

/ Inclusive B — X, 4v

fully inclusive

sum-of-exclusive

T(45)

N
B —»
A

untagged

experimental challenge

theory challenge

>

/Exclusive measurements\
e.g. B— K*v, B — pvy
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Branching fraction of B — K™~
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[hep-ex:2110.08219] Belle IT

- signal fully reconstructed: BY — K*'[K*7 |5
B® - K*[K2r'
Bt o K*'[K a0y

2.25 < E§ < 2.85 GeV Bt K""WKE?W?

- large background from continuum events suppressed
BDT based on the event shape variables

- signal extracted by an unbinned maximum likelihood fit
to AFE distribution ( AE = E% —/5/2 )

Mode | Bueas [107°] |Bppg [1077]
BY - K~ 1454+0.3+0.2]4.18+0.25
BT — K**4|5.24£0.4+0.3] 3.92 £ 0.22

- Main systematics contributions:
— fit modelling
— mis-modelling of ° /n veto
and selection variables in simulation

90 F
E ¢ Dat
s 80fF L Belle Ii
= ;gf_ f__'gfg"a' / (Preliminary)
S 3 SCF _ -1
> sk /i ILdt 62.8 fb
g 40F
'O -
3 30F
S 20} / b
O:
04 -03 -02 -01 0 01 02 03
AE [GeV]
(a) B = K*'[K+tn~ ]y
- In the pipeline:

— update, including isospin & CP asymmetry

— measurement of B — pv based on the full
Belle + Belle II dataset


https://arxiv.org/abs/2110.08219
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First inclusive measurements: B — Xy [BELLE2-NOTE-PL-2021-004] RS

A
Sk

- measurement with untagged approach :
(B

— only high E gamma reconstructed
untagged
— photon spectrum obtained by subtracting

expected backgrounds: %105

Belle Il preliminary Background B+ B -

I‘Cdt =62.8fb7" B Background B°B°
Il Continuum
Continuum error
{ Data

* continuum (qq ) from the off-resonance data
* BB from the MC

— clear excess consistent with B — X ;7 observed

_, aim to provide competitive physics result using ~ 0.5 ab™*

oo

Candidates / (100 MeV)
So o

|||l|{||+1||||1||
275 3.00 325

PRI S SR ST S NSNS TR S S N S S Y
1.50 175 2.00 225 2.0

E; [GeV]


https://docs.belle2.org/record/2310/files/BELLE2-NOTE-PL-2021-004.pdf
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First inclusive measurements: B — Xy Belle IT

- in the pipeline measurements with:

— hadronic tag (FEI) approach: - lower statistics
- but independent systematics from other Xs,dwo tagged m
- only used by BaBar — provide competitive measurement

Year  Experiment Tag type Dataon res B(B — X.v)x107* Threshold

2007 BaBar Hadronic 210 fb ! 3.66 + 0.85(stat.) + 0.60(syst.) Ef: > 1.9 GeV
2009 Belle No-tag/lepton 605 fb™" 3.45 + 0.15(stat.) + 0.40(syst.) Eg > 1.7 GeV
2012 BaBar lepton 347 fb 3.21 + 0.15(stat.) + 0.29(syst.) E~£3 > 1.7 GeV
2012 BaBar Sum-of-exclusive 429 fb™* 3.29 + 0.19(stat.) + 0.48(syst.) 5 > L7 GeV
2016  Belle lepton 711 fb? 3.12 £ 0.10(stat.) £ 0.19(syst.) E, >1.6 GeV

— semi-leptonic tag: - not used before



13

<O

Electroweak penguin B decays e
8,0, 5
b S » » S
W=
\ / Z(y)
LFUin b — s¢1(~ EWP with missing energy 7GE)
v(,E)
— excellent electron identification — known initial state allows accessing
(nearly symmetric e, u performance) decay modes with v in the final state
— provide independent test of - b — sy - sensitive probe of the SM

anomalies with few ab™ of data

-~ b — g7 -testof LFU

— able to measure R(X) (increased sensitivity to NP with enhanced

coupling to heavier particles)

— provide independent measurement
of absolute BR for e, 4 modes - b — gt¥¢ -testof LFV

& PN (if LFU is indeed violated, LFV is allowed) )
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Search for BT — K Tvw

Phys.Rev.Lett. 127 (2021) 18, 181802

- clean SM prediction B = (4.6 +0.5) x 107°
[J. High Energ. Phys. 2015, 184 (2015)]

- not yet observed!
- uniquely accessible at B factories:

— traditionally searched for with explicit Btag recontruction

. .. Phys. Rev. D 87, 112005 (2013)
'~ 0
— low reconstruction efficiency: ~0.2% Phys. Rev. D 96, 091101 (2017)

_ most stringent limit from BaBar: B < 1.6 x 107°@ 90% CL

Efficiency ¢

Inclusive Tag g E
Consistency of B, ,,

Semileptonic Tag

—

s

— 0
5—0(1)AI —B:::~[

Knowledge of B,

Hadronic Tag
e = 0(0.1)%
Exact knowledge of B

‘v

<

tag

<O

Belle 1T

U

Aing


https://inspirehep.net/literature/1860766
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Search for BT — K v @ Belle II o

Phys.Rev.Lett. 127 (2021) 18, 181802 Belle I

- this measurement uses novel method with no explicit By, reconstruction

normalized
——

Jensen-Shannon d.: 0.34 V' bit
— T —

x10~2

3 [ tau plair

[ Neutral B pair
3 Charged B pair
= c pair b
I s pair A
B u pair
H d pair
[ signal
¢ Exp8, Run 3123 |

- it exploits distinct signal kinematics:

— select highest p7 kaon kandidate

- all other tracks associated to Biag

(1/No)(AN@/0.1 GeV/ec)
B

— minimizing the background contamination with

constraints on event topology, missing energy 0 1 2 3 4 5
and vertex separation 2000 prk [GeV/el
BB B(—Kvv)B aq ?Elziil—_lﬁafb-l
» 200
f 7 o . 1500, Saso} p i
-~ |~ - %% 51 discriminating variables - =
3 ‘ ~ . . =] B I 1
& U\ &\ ) F included into two step BDT e § ool K |
N~ e 2 1000 - 2 v .
Y A » A “r 5 0 e e
LE 00 02 04 06 08 1.0
BDT,(BDT, >0.9)
. ) 500 |- /[IB*—K*1/¢_,+,- MC B*2K*Jf¥.,,+,-Data
— signal reconstruction eff. of ~4% ;:|33+-,K-J::$ e : B:m; M M_D:ta
B*—=K wvir MC
. . + + - + . . 0 B4 - : L — —
— validated using B™ — J/¢(— p"p~ ) K™ with removal of di-muon 0.0 0.2 04 0.6 08 L0

BDT,


https://inspirehep.net/literature/1860766
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Search for BT — K v @ Belle II

<O

- signal yiels is extracted from simultaneous
maximum likelihood fit to on-resonance and
off- resonance data in bins of p7 (K™ )and second BDT

- the method provides sensitivity comparable to the SL taging!
(but independent sample)

- based on only 63 fb™! of collected data, much larger sample
already collected

- other modes to be included
B - Kdvo, B - K — K*z7)vv,and B+ — K**( = K2

- hadronic and SL tag measurements on-going.

- watch this space!

Belle IT
Average
1.1=0.4
R ] ! ! ! 1 ! ! ! I ! ! i | ! ! !
E . L?ellgj? II (63 fb !, Inclusive)
I L ms work
I
| 1
_.I_ JB:]ell]lhe P(st;la,lus;flhuu' SL)
I
: o Belle (711 fb !, Had)
: 3016 PRDE7Y, 111103
1
| 1
1T | Eallgagrﬁg%*z%zﬂa: ’ lHad+SL)
L | L L L 1 L L L L L L
0 2 4 6 8 10
=4 —
10° x Br(B*—=K " vp)
1-0 . T T T T T T T T T T T T T T T T
Belle I ---- Expected
. ....__..fﬁclt:(63+9) b mmm Expected:lo ]
: Expected+2o 1
% —— Observed ]
= 0.6 B 1
S ,
3 0.4} 90% CL 1
O Expected: 2.3x10
0.2k . Observed: 4.1x107" ]
0.0L PR — . 1x10°°
0 2 4 6 8

B — K v

branching fraction
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Belle 1T

Other upcoming measurements

- B — X,y with hadronic tag (sum-of-exclusive)

Clean SM prediction ALEPH collaboration Belle IT @ 300 fb!
B=(27+02) x 107° B < 6.4 x 107*@90% CL B~10"*

/- BT — KT 7¢ with hadronic tag @ Belle

Expect much in imits w.r.t. existi
) Tag S Mode BaBar (90% C.L.) | LHCb (90% C.L.)
If there 'S//@> why “Ow ‘ BY S K'riu 28 x 107 5.9 x 10 0
- ) B 'Q/ BT S Kt put 45 %1075
5 A . 5 5 . BT » Ktrte 1.5 % 107"
u

S -—==

\ u e U " s BT 5> Ktr7e" 4.3 x 107° j
ﬂ B — K*r7 @Bellelland B — K77 @ Belle \
Aim to improve the existing limits
Suppressed in the SM  Can reach up to ~ 10™* BB’ - K*7777) <20 x 107%  (Belle)
_7 .
B ~ 10 1n some NP mOdEIS B(B+ — K+7_—{—7_—) < 23 % 10—3 (BaBar)

\ — according to MC studies much improved sensitivity @ Belle I — competitive results J
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Summary Belle IT

- b — s transitions are powerful probes of physics beyond the SM.
- Belle II has so far collected > 400 fb~" (~equiv. to BaBar datased) of high quality data.

— unique access to several inclusive modes and modes with missing energy

- first published measurements using < 100 fb~' show Belle II can already provide competitive
results in many areas, including measurements of radiative and EW penguins.

- demonstrated ability to perform inclusive and exclusive measurements of b — s

- limit on BT — KTv& competitive with Belle/BaBar already with ~1/10 of data sample size.

- many updates and new results to follow soon.
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Belle 1T

40 50

20
b— sv
Systematics sources .

% — % * % [ L LI L L T Jrmnrrid | T T F T I LI I LI I 'T T T | I T |_| T
Source _ KK 77y | KO KQn Ty | KT [K Tr0y | K*T[K3n Tly| | M(H y) = (4 9-+ 2 6}‘%
No. of BB events 1.6 1.6 1.6 1.6 " ; i i i
Photon selection Jjg:i Jjg:i Jjg:i Jjg:i *; (‘H ~|:)=(;6, 3+1.7) % - |
70 /n veto 3.8 3.8 3.8 3.8
Pion identification 0.6 — — 0.6 ; : - : -
Kaon identification 0.8 — 0.8 — | N’(p}') = [5 2 + 2 B)%
Kg reconstruction — 24 — 24 i ;
7V selection — 3.4 3.4 — I(W) {30 . -13. aJ ’ -
Tracking efficiency 1.4 1.4 0.7 1.4 ' :
MVA selection 2.0 6.0 2.0 4.0 T P T P P T T T
MC statistics 0.2 0.5 0.3 0.3 -4 20 -2 -0 0 . & 30 o
PDF shape parameters 1.0 Jjg:i Jj%:[ll Jj(l):g |$OSp|n As‘y’mm“«‘tr}"[ /o]
Misreconstructed signal 1.5 Jjgg Jjg:g Jj%?

13.2 7.9 7.0

Total 5.3 ir12 4 irs.g ir7.3
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b— sv Belle II

Belle coll, Phys.Rev.Lett.103:241801,2009,
untagged Xy inclusive, 605 fb-1

TABLE VII. Systematic uncertainties (%) in each Mx, mass bin.
Mx, bin BB  Detector Background Signal Cross-feed Peaking ¢g BG Frag. Missing Total

(GeV/c?) counting response  rejection PDF PDF BG PDF PDF proportion BF(B — Xv) (]0—4)
0.6-0.7 1.4 iF 3.4 0.0 0.0 0.0 0.0 - - 4.5 EB [GEV] 1.70 1.80 1.90 2.00
0.7-0.8 1.4 2.6 34 01 12.2 78 0.0 - - 153 x=Low
0.8-0.9 1.4 2.6 34 02 0.4 05 00 - . 45 Value 3.45 3.36 3.21  3.02
0.9-1.0 1.4 2.6 3.4 0.1 0.5 0.4 0.0 - - 45 +statistical 0.15 0.13 0.11 0.10
1.0-1.1 1.4 2.6 34 0.1 2.9 1.1 03 - - 54 +systematic || 0.40 0.25 0.16  0.11
1.1-1.2 14 3.0 34 04 3.1 1.7 0.2 321 1.2 321 Syst
1.2-1.3 1.4 3.2 34 02 1.6 09 00 21 1.0 5.6
1.3-14 1.4 3.2 34 02 1.6 02 00 26 1.9 6.0 1. Continuum || 0.26 0.16 0.10  0.07
1.4-1.5 1.4 3.1 34 02 2.0 0.1 0.0 4.0 1.3 6.7 2. Selection 0.15 0.12 0.10 0.08
1.5-1.6 1.4 3.3 3.4 0.6 2.2 0.1 0.0 24 1.3 6.1 3. ’?TU/?‘} 0.07 0.05 0.04 0.02
1.6-1.7 1.4 35 34 01 1.7 21 02 28 1.9 6.7
1.7-1.8 14 3.6 34 01 2.2 1.7 02 34 1.0 6.8 4. Other B 025 0.14 0.06  0.02
1.81.9 14 37 34 0.1 1.9 20 01 36 21 7.2 5. Beam bkgd. || 0.03 0.02 0.02  0.01
1.9-2.0 1.4 3.7 3.4 01 4.2 40 01 3.7 1.6 8.8 6. Unfolding |/ 0.01 0.01 0.02 0.02
2.0-2.1 14 3.8 34 01 5.6 0.6 02 17.8 2.2 195 7. Model 0.01 0.01 0.00 0.01
21.2.2 14 3.8 34 03 3.7 25 04 219 1.9 23.1 ;
2.2-2.4 14 3.8 34 01 7.4 71 0.0 255 1.6 28.0 SReontan [(4.05:0.05:0.0L. 000
2.4-2.6 14 3.8 34 0.1 11.5 21.8 0.3 29.6 1.0 389 9. 7 Detection || 0.03 0.02 0.00  0.00
2.6-2.8 1.4 3.8 34 01 447 1010 0.9 294 2.0 113.9 10. B — X v ||0.01 0.01 0.01 0.01
11. Boost 0.01 0.01 0.02  0.02

Belle coll, Phys.Rev.D 91 (2015) 5, 052004, untagged Xsy sum of exclusive, 711 fb-1

-

B(B — X.,v) = (3.51 £0.17 + 0.33) x 10~ BF (B — X,7) = (3.45 + 0.15 4 0.40) x 10~%
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Belle Il physics for Snowmass Belle I

Table 6: Projected statistical and systematic (absolute) uncertainties of relevant observables
from B — K*~ decays.

Observable lab™! 5ab™! 10ab ! 50ab™! Systematic uncertainty
Ay (B = K*v) 1.3% 0.6% 0.4% 0.2% 1.2%
Acp(BY - K*y) 1.4% 0.6% 0.5% 0.2% 0.2%
Acp(BtY = Ky 1.9% 0.9% 0.6% 0.3% 0.2%
AAcp(B = K*y) 24% 1.1% 0.7% 0.3% 0.3%

Table 5: Projected fractional uncertainties of the B — X4 branching fraction measure-
ment for various EZ thresholds. The systematic uncertainty is presented for a baseline
scenario when the remaining background is known to the 10% level, and an improved
scenario, when the background is known to the 5% level.

Lower E? threshold Statistical uncertainty Baseline (improved)
1 ab™' 5ab™' 10 ab™' 50 ab™! syst. uncertainty
1.4 GeV 10.7%  6.4% 4.7% 2.2% 10.3% (5.2%)
1.6 GeV 9.9% 6.1% 4.5% 2.1% 8.5% (4.2%)
1.8 GeV 9.3% 5.7% 4.2% 2.0% 6.5% (3.2%)

2.0 GeV 83% 51%  3.8% 1.7% 3.7% (1.8%)



https://www.slac.stanford.edu/~mpeskin/Snowmass2021/BelleIIPhysicsforSnowmass.pdf
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R(K( )) E. Manoni @ Moriond 22 Belle I

e Signalyield extracted from 2D fit to Msc and AE
B—K'£¢ fit projections
; 24

L o Belle II 3
& dists S L fSLdt=189 " ®
. @ o
signal PDF a =
background PDF = =
total PDF % °
2 z
2 ol
w 4
2
0542 521 522 523 524 525 526 527 528 5.29 —%.15 -0.1 -0.05 0 0.05 01
M, [GeV/c?] AE [GeV]

e Branching fraction in entire g2 range excluding J/ and Y(2S) resonances:

PDG averages e Precision for electron and muon channels in

B(B — K*pu) = (1.19 £0.31£105%) x 107%, | (1.06 + 0.09) x 106 the same ballpark
B(B — K*ee) = (1.42+0.48 £ 0.09) x 1076, { (119  0.20) x 106 « Limited by sample size
B(B — K*tf) = (1.25 4+ 0.30+£1358) x 1075, | (1.05 + 0.10) x 106

e Electron channel “only” 2.5¢ worst wrt PDG,

expected to became competitive with 1 ab~

e Will provide essential independent check of anomalies with few 1/ab


https://moriond.in2p3.fr/2022/EW/slides/5/2/3_EManoni-v2.pdf
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Belle 1T

B2 K'£¢ systematics table

Source Systematic (%)
signal shape ~ 1.0 =)
muon identification ‘_"(I]jg eyl
electron identification fg:g |
kaon identification 0.4

pion identification 2.5

K} identification 2.0

7¥ identification 3.4
FastBDT 1.3-1.7
limited MC statistics < 0.5

signal cross feed ~ 1%
tracking 1.2-1.5
f+—{00) 1.2
number of BB pairs 2.9

6.7
Total 60
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R(K(*)) Belle IT

o Belle Il 2019 £ r
0.25 o Projections for R(K) s [ Belle Il 2019
[ N 055+ Projections for R(K")

i v @ € (0.1,4.0) GeV? SR
o - R v F € (0.045,1.1) GeV?

E v @ € (4.0,8.12) GeV? 0.4 @ € (1.1,6.0) GeV?

: h",. 1 1] 2 : . ',. - = 1,6. a
0.15— =, ¢ €(1.0,6.0) G:‘*’ ELING N & € (15.0,19.0) GeV?
F '-+.,_'r NN qzh;1 4{;213 GeV 0.3 TN «ae GF > 0.045 GeV?

L . o o, wwo whole C Y “a
ﬂ-“'_ "’I‘ ‘.":I i B -'- i“"’o "
: 'I-..'.l. “‘n‘-'_;l . 0‘2:-_ | St PR '.:I"l‘.. '-.'-
0 USh T | [Tt £l T L ING
— i o rely L g o PR
LT "‘ 0.1— s . Pyt
= Sy B Tiny s el
| - r - (LTI g M
G L 11 - 1 Ll : 1 L R q_!
1 L I i 1 i | 1 1 1 1
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Belle Il physics for Snowmass Belle I
Table 3: Baseline (improved) expectations for the uncertainties on the signal strength p FF in MC model
(relative to the SM strength) for the four decay modes as functions of data set size. arxiv:1409.4557
Decay lab™! 5ab”’ 10ab™" 50ab™"
B* —- K*vp 0.55 (0.37) 0.28 (0.19) 0.21 (0.14) 0.11 (0.08) Phys.Rev.Lett. 127 (2021) 18, 181802
B - K2vp 2.06 (1.37) 1.31 (0.87) 1.05(0.70) 0.59 (0.40) Expected limit B(B™ — K"vi)
- s p— - 0,
Bt - K*tvp 2.04 (1.45) 1.06 (0.75) 0.83 (0.59) 0.53 (0.38) — _ @80fmCE
B - K*%wp 1.08 (0.72) 0.60 (0.40) 0.49 (0.33) 0.34 (0.23) wo s & s b‘x
stat + mcStat [ % ’5
vV  BaBar combined 0.43 ab™! U}Jr ’
Belle semileptonic 0.7 ab™? previous + bkg norm. [ 0. *5 ]
Belle hadronic 0.7 ab~? R
= . O Belle Il untagged 0.06 ab™! ; B » +(‘0 2]
: : ® Projection Belle Il hadronic 0.5 ab~! PREvIONS'F Srack. Bl 92)9 A
fg : A Projection Belle Il semileptonic 0.5 ab™! +J
® i mm SM (B2TIP) previous + neutr. gamma | % P o, % ]
Py ! g3 = A
: : | | = J
2 ] H 1V ) O previous + neutr. unmatched| == T O\, 1
£ 0 1 I v 7| g 0y
= Y i ] & = <
1 ] ] +/
i 1 : previous + PID [ oy Wy
v i 'Y I 1 u“(
1 ] ] =+
] 1 b ¢ 1 x . L = /0 i
] I 1 previous + BR gt} Ng
1 | | i Z |
: ! ! previous + FF (all) [ =2 0\:
1075 4 1 ] e ] - < ‘J'Y
i | | =4 T,
1 i ] - (2.
= : - I' : I i 1 /
1 I I
1 1 1
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https://www.slac.stanford.edu/~mpeskin/Snowmass2021/BelleIIPhysicsforSnowmass.pdf
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Projections — radiative The Belle Il Physics Book, PETP 2019, 123C01 (2019) [

Observables Belle 0.71ab~! Belle Il 5ab~! Belle IT 50 ab™!

Br(B — X,7) P e 5.3% 3.9% 3.2%

Br(B — Xyy)ad-te 13% 7.0% 4.2%

Br(B — X7)sum-ofex 10.5% 7.3% 5.7%

Ap+ (B = Xs7)sum-ofex 2.1% 0.81% 0.63%

Boi(B = Xypy) e =6 9.0% 2.6% 0.85%

Acp(B = Xs7)sum-otex 1.3% 0.52% 0.19%

ACP(BD — Xg’}')ﬁum_ur_ux 1.8% 0.72% 0.26%

Acp(Bt = X})sum-otex 1.8% 0.69% 0.25%

Acp(B = X, yqy)rtee 4.0% 1.5% 0.48%

Acp(B = Xgypqy)od-to 8.0% 2.2% 0.70%

AAcp(B = Xo)sumeof-ex 2.5% 0.98% 0.30%

AAcp(B — X,pqy)iid-t2e 16% 4.3% 1.3%
Observables Belle 0.71ab™! (0.12ab™!) Belle Il 5ab™! Belle II 50ab~!
Aos (B = K*y) 2.0% 0.70% 0.53%
Acp(B® = K*%) 1.7% 0.58% 0.21%
Acp(BT = K*ty) 2.4% 0.81% 0.29%
AAcp(B = K*7) 2.9% 0.98% 0.36%

Spceon 0.29 0.090 0.030



https://arxiv.org/pdf/1808.10567
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Projections — EW penguin The Belle Il Physics Book, PETP 2019, 123C01 (2019) e
Observables Belle 0.71ab~! (0.12ab™!) Belle Il 5ab=! Belle IT 50 ab~*
Br(Bt = Ktrt77)-10° < 32 <6.5 <20
Br(BT — K*r*e¥) . 109 — - 2]
Br(B* — K*r*u¥) - 108 - - % 3.8

tagged analysis ONLY!

Observables Belle 0.71ab~! (0.12ab~!) Belle Il 5ab~! Belle II 50ab~!
Br(Bt — K'vp) < 450% 30% 11%
Br(B° — K*up) < 180% 26% 9.6%
Br(Bt — K*tvp) < 420% 25% 9.3%
Fr(BY — K*0uir) - - 0.079
Fp (Bt — K*vp) - - 0.077

Observables Belle 0.71ab™" Belle Il 5ab™! Belle II 50ab™*

Rk ([1.0,6.0] GeV?) 28% 11% 3.6%

Rk (> 14.4GeV?) 30% 12% 3.6%

Rk- ([1.0,6.0) GeV?) 26% 10% 3.2%

Ry (> 14.4GeV?) 24% 9.2% 2.8%

Rx. ([1.0,6.0] GeV?) 32% 12% 4.0%

Rx. (> 14.4GeV?) 28% 11% 3.4%



https://arxiv.org/pdf/1808.10567
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Belle II luminosity projection
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