D

<o

Belle Il

Belle Il Status and Prospects

Tadeas Bilka

Charles University, Prague

for the Belle Il Collaboration

Winter
¥ Institute 2020

@ Lake Louise, Calgary, Canada
February 9 — 15, 2020




D .
</ >| The hunt for New Physics

Belle 1II

Intensity / precision frontier Energy frontier

New virtual particles in loops/trees \(\8
transitions, deviation from SM A
expectations (B factories, LHCDb)

- NP
NP SM N SM
o SM

/@/‘ Direct production of new particles -

limited by beam energy
§ -{

(LHC — ATLAS, CMS)

If NP found in direct searches, it is
reasonable to expect NP effects
in B, D, tau decays

Proton Decay ‘(
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Rich legacy of B-Factories

*7

Belle I
" EKEKB+PEP-II_ | thaplecke 1T
- - obel prize to ~
1600 = + Decisive confirmation of CKM picture .
ﬂ /f-/— : .
Evidence of D?-DY mixing \-l' ‘ = Anal_yS(?S still
1490 W ] continuing...
Excess in R(D%7]

Evidence of B2 7 v—3y T

Q [
C [ 5 i
> 1200 | PR 97 251807 PRL 109 101802 — Belle talks on TUESday:
Q u 2(4430) n
‘g 1000 [— Observation of bv‘dy$ /-/ N PRL 100 142001 —] « Measurement of
S — PR e Difference in Ao(B2K7) time-dependent CP
% 800 [— l:)tw.NB0 ar:;iz 383; ] violation in B® - K_ K K
| ature _
& - Direct CP violation in B> r* 7~ 5 P viol Bk ge(:?yskal-lt Be":("'
5 600 [~ PRL 93 021601 irect violation in T = ookhyun Kan
48; ~ < PRL 93 131801, N / Y J
£ 400 — Observation of CP violation / PRL 93 191802 — « New Results on
[ Tn B° mixing system ] My i .
L 8 ootsn ‘e——— X(3872) ] D-Mixing and CP Violation
e PRL 87001802 \l PRL 91 262001 - from Belle
200 = / AR Observation of B2K* I | = by David Cinabro
- PRL 91 261601 -
obt—1 | | 1 | | | | | | ]
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Featured o ear
physics goal: |L/v K* Collider requirements: extreme luminosity
o Y (45) Buag . Detector requirements — need for excellent:
Precise time- f

- particle ID

- vertex resolution (reduced boost)

- radiation hardness

el - DAQ/software... (high data rates, backgrounds)

Belle Il ~ 130 um 3

e’ + | & +
dependent T e | Bull_—7" i
- H et - [\YQ ‘
CP-violation o : | | <
measurements > i t

Quantum entangled neutral
B meson pair production




<> | The next generation Super-B-Factory:
<L syperkEKB

Belle 1II

— 34 35 : .
Zeak=2:10°* > 8-10 /cm?s | 40 x KEKB luminosity: Nano-beam
Peak Luminosity Trends (e*e” collider) SuperKEKB *

40 times higher )
| . Y o (I.E ., R
e Tsukuba = = ( 1+ ) = = L

e *
2er, o, R,
vertical beta function at IP

% Tokyo (~50 km)

——— Super-KEKB

-

- E (GeV) B*y (mm) B*x (cm) ® 1 (A) L (cm2s?)
4 Ry LER/HER | LER/HER | LER/HER | (mrad) | LER/HER
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1-2001
8583A28 Transverse Momentum (GeV/c)

Belle 1II

Belle at Belle at
KL and muon detector KEKB SuperKEKB

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

EM Calorimeter
CslI(Tl), waveform sampling electronics

electrons (7 GeV) Time-of-Propagation counter (barrel) Higher backgrounds
Prox. focusing Aerogel RICH (forward)
Vertex Det —~3 ~
2 layers Si Pixels (DEPFET) + (l = ¢ }
4 layers Si double sided strip DSSD y h ‘““* /\ 0(107nb)

Radiative Bhabha 2-photon-processes

positrons (4 GeV)
® ®

Central Drift Chamber % %P, ®

Smaller cell size, long lever arm
Beam-gas 'a/ :
1
0.4 -_ + 0z0 Tracks with PXD clusters ® @ / @@
E +  0do Tracks with PXD clusters ) ® o 4 ®
5 N Beiie Il TDR, arXiv:1011.0352 v @ .
03 [  * Bdwon Touschek
g ;__o Bellell MC Axial wire  E
5 PRELIMINARY Stereo wire §
E .0 e 60-80 mrad
0.1 g e
E 3y $98335220000000
ob _  fTrttrespres, P
1 2 3
5
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Belle II

Belle Il Physics Prospects: Overview

Only selection of examples
(Sorry if 1 did not include your favourite)

With 50 ab! of e*e collisions at (or close to) Y(4S)
we have/can:

Next talk: Rare B decays at Belle Il
by Ming-Chuan Chang

* (Super) B-Factory (~ 1.1 x 10° BB pairs / ab™)
 (Super) Charm-Factory (~ 1.3 x 10° cc pairs / ab™)
* (Super) Tau-Factory (~ 0.9 x 10° tau pairs / ab™) « CPV in B decays (B — JAWKO, Kondy, Kn)

* (Semi)leptonic B decays (B — DOy, ztlv, tv, pv)

) ) * Rare Bd B — K* KM, Xy, X, 11
« Exploit the clean e*e” environment to probe are B decays (B — KOw, » AsY, As ’W>|

existence of exotic hadrons, dark photons/Higgs, * Charm physics (D — lv, mixing, CPV)
light Dark Matter particles, ...

* LFV tau decays (Tt — 31, 1y)

« Scan e'e” — light hadrons cross-section in range * Dark Sector, Spectroscopy (also early physics) r

[0.5 — 10] GeV \

Thursday: First results on DM searches
at Belle Il by Michael De Nuccio

Well defined initial state — Belle Il can handle:

* neutral final states nn?, Kn'(y), KKK, ‘
« final states with missing energy  +v, D®+v
* inclusive modes, e.qg. B »X_y, B X1l

Tuesday: Semileptonic and leptonic B decays
at Belle Il by Andreas Warburton

Belle Il complementary to LHCDb on indirect searches, but also competitive in some studies

The Belle Il Physics Book, arXiv:1808.10567
Prog. Theor. Exp. Phys. 2019, 123C01 (2019) 6
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Belle II

Enhanced precision of UT parameters (sides, angles)

0-7:'“]"|"'!"'|"'7ﬁ"|"'|"':
0.6 é—z ¢3 AmdAmd&Ams €y % _f
os -5 singg | = .
S | e 3 UT angles with ~ 1%
= B3 N uncertainty
" E F 3 for 50 ab™
0.2 —
\
0.0 .
-0.4
- I T LA
s :_ : Amg & Amg % E
N b3 \ 3
05 g sin 2¢, . N —
E § "~ (ex.cl.aICLi)‘[).QS) E
04 3 X 3
Inconsistency between angles = LB o, 3
or/and sides — New Physics - 0, ]
0.2 —
01 1
‘1’3 ¢1 i
0.0 PR S R R T SR P A | P T TR B R =
-0.4 -0.2 0.0 0.2 0.6 0.8 1.
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</>| Semileptonic B decays ®
. ®
Belle I @
*f-\ B T | T T T T | T T T T T T T T | T T T ]
% " [ HFLAV average sz = 1.0 contours ]
) Hot topic: Ratios R(D(*)) 04— . —
B-D"7tTv . Lepton universality test - BaBarlo ]
» Very clean theory prediction 0.35 3 —
 Tension with SM - . .
0.3 = —
R(D®)) = (B — Q(*)Tﬂ#) . - i
v, ’ - I'(B— D(*)E+V£) By 0.25 — T Belle19 ~ Bellel5 _
W'/ H . - Bellel? -
02— + Average of SM predictions HFLAV
b ¢ B R(D) =0.299 +0.003 |_Spring 2019 |
B . . D /D O | lR(D*)=0.258 +0.005 | lp(xz):27% 7]
y Belle Il can reach ' — — — —
sensitive to charged scalars o 0.2 0.3 0.4 0.5
(ex. charged Higgs) 3% sensitivity for R(D(*)) - NP? R(D)
—» BF modification
Tuesday: Semileptonic and leptonic B decays
E at Belle Il by Andreas Warburton
Electroweak Penguins
Lepton Flavor Universality Confirmation from Belle Il will be crucial e ions e
I Rl it 0 (good efficiency for electrons and muons | < &~ " T T A
violation in B* — K'[*["? in wide q? range) o :
Ghax dL[BY =Kty 4 2 i 1 2.60 tension from
iy 7 ¢ — [ ——1 latest LHCb
Ry = fq;_m dr[B+_,K+e+e—]d i 1 r ! I —%— 1 measurement
qr2ni11 dqz q 0.5:_ ]
7.2 I A 0: | : : .
b / 5 b Wﬁé WVE 5 i S . . q* [Gez\(;z/cﬂ
e -
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Tau Physics

Belle I
Physics models B(t — uy) B(T— uuu)
Lepton Flavour Violation in T decays SM + v mixing 10749 ~ 1072 | 1073 ~ 107°
SM-+heavy Majorana vg 10~° 10710
* Inthe SM, lepton flavour violating decays, like T — py, are Non-universal Z’ 10~° 10~8
forbidden/highly supressed, while NP could enhance their SUSY SO(10) 10-8 10-10
BF's significantly mSUGRA + seesaw 107 109
: : ' : -10 ~7
- Belle Il can access final states with neutrals (y, n°, n", SUSY Higgs 10 10
» Control of beam backgrounds crucial
w [ 0 0 0 i LFV decay only allowed in
(? . = |'Y IP IS IV i Iph Ah 7 SM if neutrino mixing
8 10 §_ m m "EEggm I . _§ included
e e mE - = u C I = = N
> El g u mmE " m = ] i
> 1 0_6 — u m o =5 —
L = E
il | = v =
i — v v v v v —
5 el frare s S A R I ik
_'(L) § N v v v Y v v v § 10 —-49 _ 10~ 52
= 5 v =
g g v Y i Y Y. Yv : . :
-8
() 10 5 3 v BaBar
Q. = i 1 - Belle
Q i Belle Il @ 50 ab 4 - LHCb
i 10°L o Srme o H' o e e — Belle Il
. = P PR Ll o o s o © ® O o4 o 7
O [ e i 1 L] [ J L o ® e ® ]
L [} -
o\°10-101||1|||||1|||1||1||1||||||1||1|||||11||||||||1||1|
8 ;: R S EEERRA DA &Ecees S o'z oz kRXN RRARALRR M v <lk<<I<

L :’Lm:zmim:mi o=z 0=® FPF Do 550 kk ggxng@mwim:zw:.‘i B
G):i.([) j_d) :S_CDS.q_)j_q;:g_oj_m 1!:’[:‘ ggzx



e*e — light hadrons, dark things,

Belle II spectroscopy, exotic states...

102%E T
Dark Photon Search . i N Early Physics
(9-2) = 20 E787, E949 |
10¥ |3 \‘
Belle Il projection 20 fb" o g E .
--------------------------- : Bottomonium States
Special single photon trigger required .. I f::;‘safa s, 3, %, P. %0, ’D, D, D, "2,
10 10 1 m,, (GeV) 10 N§ 1((55.)/vb
5108007
. ﬁ - 1'(4:5) Open bottom threshold z::j:
Thursday: First results on DM searches 21000 (,p e
- - at Belle Il by Michael De Nuccio e =
e+e - Ilght hadrOnS y 10200 l(ss)'zn('zm;h('zpf -
i, 2P) T e
. . . . 10000@% . ?
. Long standing discrepancy between theory and experiment in the (g-2)H N T L
(3.5 Sigma) 96001 = New States
« Most of the uncertainity in the theory comes from the hadronic 400 i) e
H H . PN I IR NI N NI N N NI I
contribution: T e T T2 7 e
ISR: Energy
e+

Scan

o
. Optical
Theorem
(Lad)
H H e

“hadronic vacuum polarization”

+_
T 7T, Po

10
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Belle I
xl@Bh 10- 1 1 | 1 1 L I I | 1 | L] | L I I ] L] | | I L ] | | | I | 68
Tl | —Lpeak t LFV discovery
n | : ;
Now B—n'Ks | I P »? 1°° Wk in
(2019) new CP 5 —Int. L o,y < 2° ] ; B—py
= 1 —40 ~
> b= 1 °
Confirm B—=D"tv tl, J39 ™ B—Kvv SM
new physics 3 4' - ™ discovery
= | 1.c
= i 20 .'_.
= | L -
Resolve - | . B—Kee LFUV
|Vub| puzzle ﬁ - 10 new physics
q’ i -
n‘ 0 i i | i 1 1 i i I [l 1 1 1 1 I I-E}
19 2021 2023 2025 2027
Belle Il Online luminosity Exp: 7-8-10 - All runs
— ee—nn(y) B—pv
Integrated luminosity [fb~!] A’
0301 " g Daily i ceA"(x)y precision for (g-2) discovery
m— Total
] 1ol
*21 1otal [cdt =10.57 [fb™1] _ I:I Sure shot
ol » 1ab™ ! (=Belle) in 2021
> 5ab lin 2022 [ wish st

» 10ab™! by mid 2023

0.10 1

Total integrated luminosity [fb~1]

Total integrated Daily luminosity [fb~1]
o
=
(¥,

Future
(Data taking restart:
March 2020)

0.00 -

11
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Belle 1II

Vertex fit of 2-track events (~Bhabha)

Belle Il Performance:
Vertex Resolution & D° Lifetime

25

selecting "good" tracks with PXD, SVD and

CDC hits

|:|.4.:|.:o.1 (stat) pm resolution I
2x better than Belle

Vertical beamspot size
<15um -
Tracks @ @, = 0, £ T measure

Tfac'f, tranverse impact parameter
/Ay resolution.
POCAéEO
PV
0y<1-5HmI

Ox~154M

20

15

10

ogs(dp) [pm]

! 4+ Data
! +  Simulation
=== Beam profile

T —
Belle Il

T .
2019 (preliminary)

—
———
—

/Ldt—?l.l.ph"

-2 -1

0

1

oo estimate

T(D?) = (370%40) fs

- 1 B IR DAL UL B
. VALUE (1071% ) EVTS ‘:}E 350F +pata Belle Il Preliminary -
PDG: 401+ 1.5 0UR AVERAGE G e Jrat-oasm’
w 300F =
\ 6\ 8 L E&xhgmumi
n.‘, b‘Q \} .-"' ?:-250_— = Maded _E
£ 200F =
> O C L 3
D" decay vertex s ]
DO . - @ 150F 3
N A7 200 Pm _
e - —
»

D’ extrapolated production point  beam spot

?.8 182184 1.86 1.88 1.9 1.92 1.94
m, . (GeV/c?)

Powerful test of vertex fitting performance. Using global decay-chain fit (TreeFitter).
Shortlived D* constrained to beamspot region.

Events /(0.1 ps)

107", 0,00
4 3 -2

AT
-1 0

Belle Il ereiiminary |

ILm=u.341o' ]

23 4 5 6

tDJ (ps)

12
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Belle 1II

First physics @ o(10 fb)

Lepton Ng x0f- Belle Il 2019 Preliminary ¢ J'/‘l’—"l E &g :22: Belle Il 2019 Preliminary - J/‘|’—’ I
identification: z 0 [ra=zeen] 1 2 2 fLaczew Hl-l:
g TZZ_ Ny, = 1608 = 54 : é ’;‘zg— Ny, = 1684 = 48 :
Muons & electrons £ 1 8w ;
s so; ; | - E ot :
(Mostly calorimeter + e s ss a1 s s 0
muon system) 3 oF : =
T 7
+ - 2 - : - - .
] M(e'e) (GeV/co) M) (GeV/cQ)
Rediscovery of B-mesons:
BELLE2-NOTE-PL-2019-028
Modes with neutrals efficiently reconstructed «, S E——
along with all-charged final states with kaons 3 "%F & oic v ko, Belle Il
. = [ B" - D°(D°(Kx, Knn, K3)2') 2019 (preliminary)
and plOnS' o o 2 1000 8° — D" (D°(K, Kax®, K3n) ) 4
(Demonstration of Belle 1l capabilities — neutrals in final = [ B . D (Ko fL dt=5.15fb
states, K/pi separation) 8 [ B° — D'(Kmn)p
1 7 - B” — D (K n)n
] Belle Il 2019, preliminary ..q_',) - :
\ §08*+++ - 'g - Ecm 2
R SRS R ST € T
A X 06} p—— _+_+ 3 = -
Q S + :
T 5 0.4F e pata —+— —
> 5 Expected
Rediscovery of A 0
BB mixing: oL S 2 521 522 523 524 525 526 527 5.28 5.2913
IAtl [ps] M, (GeV/c?)
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Belle II

Initial four-momentum
exactly known:

— 2 )
e = Ebeam Pz
v
e > < e+

O(100) channels
reconstructed

- Initial state known

- Fully reconstructed event
- Access to missing
energy/momentum — final
states with neutrinos

Full Event Interpretation (new @ Belle II)

arXiv:1807.08680; Comput. Softw. Big Sci. (2019) 3:6

Fully reconstruct one of

Events / (0.0025 GeV/c?)

Pull

> the B mesons: FEI

Overconstrain second B
meson: Neutrino(s) in the
final state, ...

Belle Il preliminary

Correctly reconstructed Jedt=515fb1
5000 W Continuum & mis-reconstructed
} Data
4000 F Ng, =8898 + 204
Prag > 0.1 .
X
30001 +
B* tag !
2000 y
L1 L]
0
2‘5 i T T T L) |
0.0 FL—FL '||13—..'""—'_"]
-25F . . . o
5.24 5.25 5.26 5.27 5.28

My (GeV/c?)

Events / (0.0025 GeV/c?)

Pull

signal-side

Belle Il preliminary

Corlrectly recoll'ustructed F Jeat= 5.15fb~!
4000 + M Continuum & mis-reconstructed
{ Data
Ngo =7425 + 152
3000 Prag > 0.1 ]
'
2000 BO tag |
1000 - .
-
I
0
25} ‘ T ‘ i
O,Dr‘_"_\—"[—v:r‘_'|—|1"—[[
25t L .
5.24 5.25 5.26 5.27 5.28

My (GeV/c?)

14
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Summary
Belle I

 First data from new generation Super-B-factory!

* Belle Il will join LHCDb in the hunt for New Physics just in
time — competitive but also complementary

e Several tensions in SM known, Belle Il can give definitive
resolution

 If NP found at LHC, Belle Il could reveal its flavour structure
and/or weak phases. If not, precision measurements at
Belle Il even more important

* Physics run continues from March 2020 — goal of
O(100 fb-1) for summer conferences

15
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Belle II

Thank you for your attention!

16






K Efficiency/n mis-ID rate

Belle || Performance:

Reconstruction of neutrals, hadron PID (K/p

n—=yy

Tag (Km) charge via slow pion charge

_— F T T T T T T T T T T T T 3 ::—\ 18000 —_' et ! L I__
o imi . &) u imi §
tbS 70000[- Belle 12018 Preliminary ¢ Data E g - Belle Il 2019 Preliminary + Data :
0] = Fit . 8 16000 — — Fit —
-1 b 1 N - . .
© 600 L =262 Sional = © 14000F- f L dt=2.62 fb” W Signal E
8 - (3991.3 = 19.9) 10° candidates gna . g - —— Background -
g 50000 1 = ( 132.296 = 0.005 ) MeV/c® —— Background — g 12000~ —
— C o=(5.356 = 0.013) MeV/c? ] ‘:: - n
:‘; 40000 ; Em.‘lz GeV { _P_? 10000 n G ey -0 ey b skl
= i . 5 =
o - 3 S 8000f-
@) 30000 ] [ - (100.8 = 46.2) 10° candidates
20000 - ] 6000 - 1= (542.1 = 1.3) MeV/c?
o 4000 o = (11.9 =+ 2.3) MeV/c?
- C E >0.40 GeV
10000F 2000~
0: L I L 1 1 I 1 L 1 I 1 i L I 1 : 1 1 1 1 I L L 1 1 I 1 1L 1 1 I 1 i 1 I 1 1 1 1
0.1 0.12 0.14 0.16 8.4 045 0.5 0.55 0.6
2 2
M,, (GeV/c?) M, (GeV/c?)
1: e % | e —————— rm— P MMM TES k]
0.9F Ty 5 I etk e
0 _?:i K efficiency (data) E B . e 4 K efficiency (data) Select D" — DO(K )
o F& Kefficiency (MC) : Beﬂé ¥ a0to E‘ A 4 K efficiency (MC) elec TU Tls
B : ; : e | o 0.6 : i : i : :
; - Preliminary : B L - Belle Il 2019
955_ JLdt B2t o i Preliminary
| I | 8% SRR SSHURISE SIS SHRUSS SRRSUPOT: Hof SRS SPUUN SO | = 0.4} ;J-Ld1=2.62fb"
0 3:;5 n mis-ID rate (data) | - — ¥ nmis-ID rate (data)
“F¥ 7 mis-ID rate (MC) ' A T : ¥ 7 mis-ID rate (MC)
R e e e = 02~ e
0.1F: +W o cas —¥— s T
E o Ton | i i I & ! "
U'—‘J""h:' T N FEEE P P FEETs b | [J_""' [ 1 L TJHJ’_
0.5 1 1.5 2 25 3 35 4 4.5 -1 08 06 04 02 0 0

Momentum [GeV/c]

I T
2 04 06 08 1
]

Polar Angle [cos@

o
b\ll‘lllllll'llllll
[8)]

CDC, TOP (barrel) and ARICH (endcap)

18



New superconducting /
permanent final focusing
quads near the IP

New beam pipe
& bellows

Replace short dipoles
with longer ones (LER)

Il
: HEWH:‘*:HWH: . Low emittance
positrons to inject

Redesign the lattices of HER & Damping ring ’ ~—
9

LER to squeeze the emittance
—

TiN-coated beam pipe Low emittance gun
W|th anteChamberS LOW emittance

electrons to inject

Add / modify RF systems
for higher beam current

Positron source

New positron target /
capture section

[NEG Pump)

[SR Channel)
[Beam Channel]

19
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Belle 1II

Belle Il & LHCDb

Observables

Expected th. accuracy

Expected exp. uncer-
tainty

Facility (2025)

UT angles & sides

o1 [°) T 0.4 Belle II

é2 [°] * 1.0 Belle 11

é3 [°] 4k 1.0 Belle II/LHCb
V| incl. Hokk 1% Belle II

V5] excl. *kk 1.5% Belle II

Vs | incl. ** 3% Belle 11

Vs | excl. ** 2% Belle II/LHCb
CPV

S(B - ¢K9) - 0.02 Belle 11

S(B = 'K — 0.01 Belle II

A(B = K°%%")[107? Hhk 4 Belle II
AB— Kta) 1077 4% 0.20 LHCb/Belle 11
(Semi-)leptonic

B(B — Tv) [1079] * 3% Belle 11

B(B — pv) 1079 4 7% Belle 11

R(B — Drv) 4k 3% Belle 11

R(B — D*rv) *K 2% Belle II/LHCb
Radiative & EW Penguins

B(B — Xgv) o 4% Belle 11
Acp(B = Xegv) [1072]  #xx 0.005 Belle II

S(B — K2x%) ok 0.03 Belle 11

S(B = pv) *k 0.07 Belle II

B(Bs — ~vv) [1079] *x 0.3 Belle II

B(B — K*vw) [1079] - 15% Belle II

B(B — Kuvw) 1079 *4% 20% Belle 11

R(B — K*t0) * 0.03 Belle II/LHCb

Observables Belle or LHCb* Belle 11 LHCb
(2014) 5ab~! 50 ab~! 2018 50 fb~!
Charm Rare  B(D, — pv) 5.31-1073(1 +5.3% + 3.8%) 2.9% 0.9%
B(D, — Tv) 5.70-1073(1 £ 3.7% £ 5.4%) 3.5% 2.3%
B(D° — 7v) [10-9] <15 30%  25%
Charm CP Acp(D° = K*K~) [107%] —32+21+9 11 6
AAcp(D® — K*K~) [107%] 3.4* 05 0.1
Ar [1077 0.22 01 003  0.02 0.005
Acp(D° = 7%2%) [1077 —0.03 £0.64 £0.10 0.29  0.09
Acp(D® — K27% [107%]  —0.21£0.16 £ 0.09 0.08 0.03
Charm Mixing z(D° — K3x*7~) [1072]  0.56 +0.19+ ;7 0.14 011
y(D° = K2ntr~) [107%3]  0.30£0.15+ 008 0.08 0.05
la/p|(D° — K3nta~) 0.90 + )18 + 008 0.10  0.07
$(D® — K9m+m~) [7] 611+ ] 6 1
Tau T — py [1079)] <45 < 147 < 4.7
T — ey [1079] <120 <39 <12
T — ppp [1079) < 21.0 <30 <03

20
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Belle II

Phase 2 Physics

WG

Semileptonic

Semileptonic

EWP

BtoCharm

Bottomonium

Bottomonium

Bottomonium

Low-multiplicity

Low-multiplicity

Mode

B—XIv
B(s)—X | v in Y(5S), Di-
leptons

B—K?y

B — D D*m,

D — hh, Kg X

Y(6S) — T +
Y(nS)/hb

Y(6S) cross section,
R_Db

T Y(pSs)

ge — y A A'— missing

ee —y A=Yy

Description

Benchmark
analysis in Y{4S)

BandB s
counting in Y (65)

Benchmark
analysis in Y{43)

Benchmark
analysis in Y{45)

Zb substructure

Cross section
measurement
and Rb
decomposition at
Y(6S)

ECM 10.75 GeV
decay — T
Y(ps)

Dark matter via
dark photon

Axion like dark
sector for large
A' masses (iri-
photon final
state)

Benchmark
study or Unigue
measurament?
Benchmark
Unigue

Benchmark

Benchmark

Unigue

Unigue

Unigue

Unigue

Unigue

Expected data sample @ full luminosity

Channel Belle BaBar  Belle II (per year)
BB Y®#S)| 7.7 x 108 4.8 x 10% 11x100 >
BB | 7.0 x 106 - 6.0 x 10°%
T(19) 1.0 x 108 1.8 x 10!
T(25) | 1.7x 108 0.9x 107 7.0 x 1010
T(35) | 1.0x107 1.0x 108 3.7 x 1010
T(55) 3.6 x 107 — 3.0 x 10°

T 1.0 x 109 0.6 x 10° 1.0 x 1010

assuming 100% running at each energy
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Belle II

R(D*)

0.35

0.3

0.25

0.2

[ HFLAV average

Ax* = 1.0 contours

[ LHCbIS _
B BaBarl2 ]
- 30 ]
B LHCb18 ]
__ ":E' Belle19 L Bellel5 __
B Bellel7 7
— -+ Average of SM predictions HFLAV

B R(D) = 0.299 +0.003 | Spring 2019 | -
B R(D*) = 0.258 + 0.005 PO =27% ]

1 I | | | | I 1 1 | | | 1 1 1 | | | 1
0.2 0.3 0.4 0.5

R(D)
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Belle 1II

Expected SuperKEKB Backgrounds

~

Touschek scattering:
intra-bunch scattering
process

dominant with highly
compressed beams
20 times higher

Phase | (no collisions)

Beam-gas scattering:
Bremsstrahlung (negligible) &
Coulomb interactions (up to
100 times higher ) with
residual gas atoms &
molecules

~

Synchrotron radiation:
emission of photons
by charged particles
(e*e’) when
deflected in B-field

L
(F )

Phase 2 (collisions)

Radiative Bhabha process:
photon emission prior or after
Bhabha scattering
interaction with iron in the magnets

Two photon process:
very low momentum ete"
pairs via ete —>eteete

increased hit occupancy in
inner detectors

leads to neutron background

\_

-~

N

Injection Background:
+ covered later in the talk

J
S

-
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