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Belle-II Schedule

Short Term:

- Phase I (2016-7): detector integration, first beams
- Phase II (2017-8): detector in, no VXD, limited PID, lumi ~ Belle-I

Mid Term:

- Phase III (2018) : full detector , luminosity ramping up

Long Term:

SuperKEKB Luminosity Project
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SuperKEK-B goals for Phase-II:
- understand beam backgrounds
- establish conditions for stable

operation

- target lumi: 1x10>* (0.5xKEKB)

Phase-II operating conditions :
- 4-5 months: machine studies
- Some time for physics
(Ldt =20420 fb™), preferably at
energies close to Y(4S)
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KEKB Phase-1

From Funakoshi-san report 2 weeks ago :

+ Much faster startup than KEKB

+ KEKB beam currents achieved after first 3 months
LER: ~300mA, HER: ~200mA

+ SuperKEKB beam currents achieved after first 3 months
LER: ~650mA, HER: ~590mA

+ Compared with KEKB...

+ Each hardware component has been upgraded with experiences at KEK and has

worked fine (RF, Magnet, Vacuum...)

+ The bunch-by-bunch feedback system has more effectively suppressed instabilities.

+ Operational tools (such as closed orbit correction system) has worked fine based

on experiences at KEKB.

+ Less machine troubles than KEKB so far

Great progress in squeezing the emittance (in ONE week!)

QWG 2016, PNNL
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ey = 96 pm (By = 67 m@source)
ey /ex=5.83 % (ex = 1.8 nm)

March 23, 201

6

ey = 280 pm (By = 9.7 m@source)
ey /ex= 5.3 % (ex = 5.3 nm)

April 5, 201

6

ey = 20 pm (By = 67 m@source)
eylex=1.1 % (ex =1.8 nm)

Target vertical emittance in Phase 1is 10pm.




Super KEKB limitations

Beam Transport  Final Focus

(magnet) Quads
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BB”B-II Detector [Belle IT TDR, KEK Report 2010-1]

KL and muon detector:
Resistive Plate Counter (barrel)

' WLSF + MPPC (end-caps)

 EM Calorimeter:
CslI(Tl), waveform sampli 8

L Jwaveformsa .
agation counter (barrel)

electron (7GeV) Aerogel RICH (fwd)

| Beryllium beam pipe
- 2cm diameter

| Vertex Detector

2 layers DEPFET + 4 |
positron (4GeV)

He(50%):C2Hs(50%), Small ce
_lever arm, fast electronics

Belle II outreach
https://twitter.com/belle2collab/
https://www.facebook.com/belle2collab/
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Belle-1I commissioning [REEE
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TR
s

Snppigudi.
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5

Hall probe
Magnetig fie
~test underway

Cherenkov ring imaging with precision time measurement (better than 100ps)

P | g 7 AA 11
Installation completed on May 11
| J

Quartz Property Requirement
Flatness <6.3um
Perpendicularity 20 arcsec
Parallelism <4 arcsec
Roughness 0.5nm (RMS)
Bulk transmittance > 98%/m

Surface reflectance -99.9%/reflection
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Phase I Tracking

During Phase-II we can do physics with limited performance: the : A

inner region will be equipped with BEAST-2 sensors, to monitor (<3 of

beam backgrounds and test the final SVD detectors.

NO IOW momentum traCking FANGS -20;‘6 s 1‘.5 0 20;'20”' B e s e s
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Upsilon_M

m(Y(1S,2S) — pp)

Y(3S) = nre Y(pS)(pm)
Minimum pion momentum
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First question: where to run

CrTEET T —

Y(1S5) On 60+ -No interest identified

-Low energy
Y(25) On New physics searches 20+ -Requires special trigger
Y(1D)Scan Particle discovery 10-20 -Already accessible in B Factories?
Y(35) On Many -onia topics 200+ -Known resonance

-Luminosity requirement: Phase 3

Y(35)Scan  Precision QED ~10 -Understanding of beam conditions needed
Y(2D)Scan  Particle discovery 10-20 -Unknown mass
>Y(4S)On Particle discovery? 1047 -Energy to be determined
Y(65) On Particle discovery? 3047 -Upper limit of machine energy
Single y New physics? 30+ -Special triggers required
Y(6S) Yb? Y(2D) Y(1D)
I I

Experiment|Scans/Off. Resyy T (55) v T (49) \b T(3S) W T(25) T(1S5)
10876 MeV|10580 MeV [10355 MeV 10023 MeV 9460 MeV

fh—1 fb~1 106 |fb~! 106 ﬁ 10 |[tb=t 108 |[ftb~1 106
CLEO 1%.1 04 01 |16 171f12\ 5 |12 10 |12 21
BaBar 54 Ry scan [433 4711 30 122 | 14 99 —

Belle 100 12136 | 711 772§ 3 12 | 25 158 | 6 102
-



Scenarios for Phase-II & 08 ,
055 : - Belle
Where to run for Ldt ~ 10 fb7? 0.s5E Jﬂﬁ [
e ;

. E= 10.65 GeV “*E l L A
Dip in Rb, just on B*B* threshold “E +.1 by }: ’Hﬂ "
. E=10.75GeV ot ik »MI' i M i
Above Rb drop at 10.74 M{‘ i |H Sk i ﬁ]r_.. . |
Bump observed in R b | ! b +| Im\{f)t":
+ E=1102 GeV ot Hi |
Y(6S) peak, Ofo6 1065 107 1075 108 1085 109 1095 11 ips .
6pt scan (1 fb™ each) in Belle-I |

T T ]

™
(a) s 7
X
v ﬂ AR5 E. 6
g 5
h x ¢
L Phys.Rev.Lett.53:878,1984 3
__5 -
2
| l l 1
0
i{)_,:s‘ L ":;5 A V. 101_; PR O IOI-B‘ \I?—;/Ge\} i 1 " " . " i i ; i 1
10.6 10.65 10.7 10.75 10.8 10.85 10.9 10.95 11 11.05

Is (GeV)

Study these channels: BB,B*B,B*B*,Yniwr,Yn at 10.65,10.75
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Y( 6 S) resi l tS in Be l l e_I See Mizuk's talk on wednesday

» Preliminary evidence for Y(6S)—nrh,(nP), via nZ,*(106XX) decay
— Y(6S)]

g 4f s s %16000
~ [ . = 5000 F " ] gnmooo 2
+ D F
o /* S a000f J ©12000f
% I 2 3000 - ;‘—3100005- .
< | / 2000f ] 8000 |
% 0 Pl il 1000f ... ] | N [ SN
- Y I S — -7 4000 E
[ : | 2000 F T T
o i -1000 E 1 T 0 ST — - : "
2 - e d ; 1 '
: 6r -2000;-| PN N SR I S = R 20008 4 1y, boeed
K 105 106 107 108 10.65 107 10.75 108 10.85
i A M, (%), GeVIc? M,,..(r), GeVic®
(v L
o L
Lt ,f{
“0 '} § g oo ORRRRSRRERERES SR, . | ROT——

ANTE arXiv:1508.06562

» Resonance structure of Y(6S) — nnY(pS) decays not fully studied
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7 .. searches in Belle-11

11300

Threshold for st+K B B,(1P,), B B,(1P,)
11200’ B.‘;B.q(lpl)' BsBs{]‘PZ)

B(1P))B.;, B*B,(1P,), B(1P,)B,, B* B,(1P,)

11100} B(1P,)B,, BB,(1P,), B(1P,)B,, BB,(1P,)
For Z , we need at B'B(1R), B B(1R)
least 11.2 GeV, i.e. S \1000f BB(IR,), BB1R)
E>M(B*Bs)+M(K) &
S 10900
Energy on the edge £ .
of current machine 2 By By
limits, reachable + 10800 \ B,B;
changing the \ B*B'pp
standard EHER/ E . 10700} B* B, BB’
ratio —_— B*B® BB,
10600} BB
BB
10500

Access to lower bottomonia limited to hb(lP) and Y(1,2S)

QWG 2016, PNNL R.Mussa, Bottomonium Physics at Belle-I1 12



Spectrum below threshold

Below threshold:

*3S: 1 b(3S) not yet observed by anyone, 11.6

maybe reachable from hb(3P)?

QWG 2016, PNNL

GeV ‘Threshold

11.4 —
11.2 — I
] 6S
11.0 - —_
] £ Ed 55
108 I Bipf  ——
T B:Bg I
106 F 5 5 45
| 3P
10'4 —] l- m . 1
I 135 2P
10.2 1 Il maE
10.0 —
| 25 1P
9.8 —
9.6 —
| 1S
9.4 -
L 0 1

R.Mussa, Bottomonium Physics at Belle-I1
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Spectrum below threshold

Below threshold: GeV | Threshold
*3S:1 b(38) not yet observed by anyone, 11.6
maybe reachable from h (3P)? g _
* 3P: hb(SP) : too high to be reached from 5S
via Zb, maybe from 65? How? 11.2 P —_
Xb(3P) discovered at LHC, not yet 110 ) -
resolved, can we see them from 4S? 1 . 55
108 I 5ipf
T B:Bg -
IPH A4S o ma
10.6 4 85" " = =
| i
10.4 — - - i'3P'
7 1 3S 12
10.2 ] - EaE
10.0 - 25— 1p
9.8 -
9.6 - <
9.4
L 0 1
QWG 2016, PNNL R.Mussa, Bottomonium Physics at Belle-I1
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Spectrum below threshold

Below threshold:
*35: 1, (35) not yet observed by anyone,

maybe reachable from hb(3P)?
* 3P: Xb(3P) discovered at LHC, not yet

resolved, can we see them from 4S?

hb(3P) : too high to be reached from 5S o

via Z , maybe from 65? How?

“1D states : triplet states BEST STUDIED
from 3S, singlet (27°) maybe reachable from
h, (2P). We plan to scan the 1" region.

QWG 2016, PNNL

GeV ‘Threshold

11.6 —
11.4 —

11.2 —

10.8 &+

10.6

10.4 —-
10.2 —
10.0 —-
9.8 —_
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9.4 —

6S
E*B* 5S_ —_—
B:B} —
B.B. — L S
B*B* —_—
B * 48_ E O -
gg _——_—_d-=-=-1 . Y/ D DD - - =

I —
g 3S 12
| |
Spectrum (bb) States

1S

L 0 1 2 3 4 5
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Spectrum below threshold

Below threshold: GeV | Threshold
" 35:m,(35) not yet observed by anyone, ~ 11.6 7

maybe reachable from hb(3P)? | —

11.4 -
* 3P: xb(?;P) discovered at LHC, not yet |

resolved, can we see them from 4S? 11.2
h (3P) : too high to be reached from 55

11.0 -
via Z , maybe from 65?7 How?

10.8 - 5
“1D states : triplet states BEST STUDIED l

from 38, singlet (2) maybe reachable from 10-6
h (2P).We plan to scan the 1" region. 1

10.4
* 2D, 1F, 1G: totally unknown 10.2 ]
We propose to search for the lowest ]
member of the 2D triplet with a scan. 10.0 -
The others may be reached from 6S. .
9.8 -

The 1F triplet 2,3,4™" is very close in mass 1
to Y3S, but may be reached from the 2D ¢ -
triplet via E1 radiative transitions. |

L 0 1 2 3 4 5t

QWG 2016, PNNL R.Mussa, Bottomonium Physics at Belle-I1



254061 D=5 4

Y(1D) triplet still unresolved

* Data ---- Signal Y (1°D) :
ol & _
- 18 (Tl: T[ ) % Fit - = Txh {EPJ}_}TWT{1E} _
: Mumiss o | P w7 Y (1S) _
L i
2 Y | Y(1D) g I === MY (18) 1
§ 1l {25} 5 S | 1Y (Rr9)Y (28) 1
L _ G w 10
12 - ’ I
: | 2 }
10 [- — L -
; | (e -
8 — |
5 F E e 1045 1020 10.25
N . ﬂ o m (') (GeV)
2 :_ |I J ) 12 _I : I I | I I I I | o I | IEEIIEIE1IIJ-HIIJ1i
il ﬁ. L b 1l 18 3o @ __
uﬂﬂ 295 10 1U'ﬂ5-ID.'I 1D151ﬂ21[l'.251ﬂ31ﬂ"351ﬂ4 E E_— ]
MM(z*1), GeV g’ 6| -
g 4 -
Belle (fom 59 10164.7 + 1.4+ 1.0 MeV @ of .
0+ i I i 1 [

- (b)

BaBar (from35) 10164.5 + 0.8 + 0.5 MeV
CLEO (from3s) 10161.1 + 0.6 £ 1.6 MeV

2
QWG 2016, PNNL R.Mussa, Bottomonium Physics at E ol v i1 _M—ﬂj IMMM,
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Four photon cascades

Event yields with 1G

Y(3S) decays
Godfrey,Moats
PR D92, 054034 (2015)

6.8k "D, via 2,2 only

19 k 3D2

25 o’

QWG 2016, PNNL
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15k 3D2 via 1,1

2.5k 3D2 via 1,2

1.6k 3D2 via 2,1
24k D, via 2,1

1D

2640610-s013
LI B I N B B

°D

1 2 T T T | | L

=

Events / 2.5 MeV
w

!
H

Events / 1.0 MeV
B
[ | I | I | [

=

10100 10125 10150 10175 10200
Mass (MeV)




Four photon cascades

Event yields with 1G

Y(3S) decays
Godfrey,Moats
PR D92, 054034 (2015)

6.8k "D, via 2,2 only

19k 3D2
15k°D_via 1,1
1D 5 2
2.5k D2 via 1,2
1.6k 3D2 via 2,1
2.4k °D, via 2,1
2540610-8013
12 B I I I I | I T T T | I I I I | I I T T ]
=10~ (a) ; —
z 8- Dz -
N gl ]
:
TPy _
D B | | hhﬂ-.-l"_‘-ll— ]
L T 11
- ]
=6~ -
D. b— -
1S 2. -
8 L f .
c
L;;L‘j 2 —
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Event yields with 1G Y(3S) decays
Four photon cascades (assuming Y(15) decay to 1)

Godfrey,Moats
PR D92, 054034 (2015)

6.8k 3D3 via 2,2 only
19k D,
15k 3D2 via 1,1
25k D, via 1,2
1.6k 3D2 via 2,1

2.4k 3D1 via 2,1

1 2 T T T T | T T T T T T T T | IEE‘IEIE 1I|:}-EII:I 2
,s >10- (a) 5 —
2 i
/! o 8 D1 ]
< NogL . —]

, iy
- I ]
s § 4 ‘ ~
‘ 2 ol -
,' D_ L1 11 | 11 |I |J|— L1 1 EIN|‘_1'|I"r'—--l-_ ]

R [ [ [ | [ I I| I | | | | | | [ 1
¢ - (b 1 0 1
Y sl (b) : |
' = 1

o r 1 .
1S gy 1 _
o | - / i

=
Ser \ -
QWG 2016, PNNL R.Mussa, Bottomonium Physics at | ol Vi1 1, L
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Four photon cascades

Event yields with 1G

Y(3S) decays
Godfrey,Moats
PR D92, 054034 (2015)

6.8k "D, via 2,2 only
19 k 3D2
15k 3D2 via 1,1
2.5k 3D2 via 1,2
1.6k 3D2 via 2,1
24K°D via2,1

1D

Challenges:

- resolve ambiguities
with Y(2S)

- large uncorrelated
photon backgrounds
(will be measured
during Phase-II)

1S

QWG 2016, PNNL R.Mussa, Bottomonium Physics at Belle-I1 21



Scanning Y(1,2°D )?

5 86.8 nb

Observable : e+e- to hadrons Continuum cross section: 0 = NeQF ————-
S ( (‘re\" e )
= = x10 |
= Y(15 e —
' 1s) Y(25) Y(35) e [
e [ 23300 —
- 3200 | |
10° E Y(2S) Y(1D)
E 3100 -—/
- 3000
- ¥(2D)
107 i - Y(39)
- ( ¥(1D)  [¥(2D 2900 —
9_ — ‘9|2I . I9| L I9|6I . Ig‘sl IO — l ! = | |‘ = : | | | | | | | | | | ‘ | | | | | | | | | ‘ | | | |
. 4 . . 1 : =
im— 10 101 102 103 I &

Search for 1D: 7 point scan (5 MeV steps) around 10.15 GeV
Search for 2D: 7 point scan (5 MeV steps?) around 10.43 GeV

IF the 25 scan is successful, we may envisage a longer run on 2D peak and search for 1F
states (single photon spectrum, probably large background from ISR Y(3S))

QWG 2016, PNNL R.Mussa, Bottomonium Physics at Belle-I1 22



Dipion transitions: BELLE-II vs Babar

Babar: two analyses:

- Aubert et al., PRD78, 112002 (2008) S t Non-relativistic potential
Using data from Y(4S): ISR exclusive decays 8 11 T(;S)—
- Lees et al, PRD84, 011104 (2011) =, B . —®— Unresolved triplets
Inclusive dipion transitions from 108 M Y(3S) 10 s
8 L sy —¢— Observed states
£ 106 —
Y(3S) — Y(2S) MC Y(3S) — Y(1S) MC 104 —
=300 alpha= 1.11£0.22 S F .
8 | 1= 0.780 + 0.082 8600_— alpha = 0.43 £0.15 10.2 N o
5250; mean = 10.02314 + 0.00010 - C| f= 0.797 + 0.044 - Y(1°D,) v(1'D)
S| mean2 = 10.0240 £ 0.0012 S __ | mean= 9.459829 + 0.000052 - !
S [l n=114+012 S 5001 10
— || sigma = 0.00248 + 0.00019 = [| mean2= 9.46263 + 0.00076 =
2001 sigma2 = 0.00652 + 0.00055 > k| = 219 £0.15 B
s f £40017 5igma = 0.001659 = 0.000062 9.8
150k $ | sigmaz = 0.00390 + 0.00033 -
r w3001 L
C B 9.6— . -
100 200E - Theoretical predictions from
i - L —e— Eur. Phys. J. C72 (2012), Issue 4, 1981
50 o 9.4 —.—
: 100 - e
— 8 S AR B s it S SO O S BRI ol — | | 1 1 1 1
&98 9.99 10 10.01 10.02 10.03 10.04 &44 9.445 945 09455 946 9465 9.47 jPC T o+ 01,2°% 1" 1,23 o+
Mecoi (1) GeV M, 4(mm) [GeV]

381 1S0 3PO, 1,2 1Pl 3D1, 2,3 1D2

Better resolution and better efficiency
Tamponi @ B2TIP2016

Y(3S) — Y(1S) < 4 MeV 41.8% 1.8 MeV 63%
QWG 2016, PNNL R.Mussa, Bottomonium Physics at Belle-I1



Y(3S)— :rc*:rczhb(IP)

03 Y(ZS) —'m Y(1S)

§100: p! A xm' PRD84 011104 (2011) :
> b L f |
S S STR T B
DA L XTI I
e} [ o I \ ' y 7]
o 60_— < obtsl B g LAl Ay I|II 7]
: B % l l I | .l l # s -
4] B g 1 I % +— 7
% 40— g + + ] —
2 [ ar . )
"8 B . | | ol .
8 20~ 086 988 990 992 994 —
@ - my [Gewczf) .
. : b1 2(2P) T Xb1 2(1 ) i
QfF=E. D i Sk i e g .
[ | 1 1 | I 1 1 1 | I | 1 | 1 | 1 | | 1 ‘ 1 | 1 1 I 1 | 1
975 980 985 990 995 10.00
mg [GeV/c?]
2.00E-04
= 1g0E-04 —
— BaBar upper limit
T 160E:04
£ 1.40E-04 .
§ 1.20E-04 Bellell projection for 5o signal
T 1.00E-04 .
—_ . [}
Gy 80005 .
2 6.00E-05 e,
|
>._'. 4.00E-05 ""'---..uuu
L
Q) 2.00E-05
0.00E+00
0 50 100 150 200 250 300

Y(3S) luminosity [fb]

>’ N Non-relativistic potential
8 11— Y(6S) .
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Y(3S) — n’h (1P)

Phys.Rev.D 84 091101(R)
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N transitions from Y(3S)

‘
[EN
[EN

Testing QCD multipole expansion

Three transitions should be visible from Y(3S) but
experimental limits, where available, are below theory

expectations:

- B(Y(3S) — nY(19))

-Y(1D) — nY(1S)

theory: 5-10x 10™
BaBar: <1x10™*

Voloshin: PLB 562, 68(2003)

Mass [

9.8

9.6

9.4

QCD Axial Anomaly should enhance Y(1D) — nY(1S) with respect

to Y(1D) — mxY(1S)
— no quantitative analysis

— Y(1D) reconstruction through

radiative cascade:
High sensitivity to low
energy backgrounds

QWG 2016, PNNL
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TI trans ltlons f rom Y(3 S ) f E Non-relativistic potential
ll: Y(G.S) —®— Unresolved triplets
Testing QCD multipole expansion T —* Observed states
g 0.6 —5—

Three transitions should be visible from Y(3S) but oaE S Y
experimental limits, where available, are below theory B vzo) YD
. L (39) b(‘E —

expectations: 10. 21~ (2 Mg

10:— Y(1°D)  Y(1'D)
-B(Y(3S) — nY(1S))  theory: 5-10x 10* = ==

BaBar: <1x10™* > 8: w0
9.6 :_ Theoretical predictions from
-Y(1D) — nY(1S) Voloshin: PLB 562, 68(2003) 0.4 wis . e R, e A
QCD Axial Anomaly should enhance Y(1D) — nY(1S) with respect [ N . . . .
j7¢ 1 0 0,1,2 1 1,2,3 " 2

to Y(1ID) — nwY(1S)
— no quantitative analysis
— Y(1D) reconstruction through
radiative cascade:
High sensitivity to low
energy backgrounds

Voloshin: Mod.Phys.Lett. A19,
- Xbo(zp) —nn, 2895(2004)

— BF of the order of few 10° (S-wave)
— Bellell estimate ~40 M Xb0(2P) — ~10000 reconstructed events

— full inclusive analysis, low energy photons: hard to estimate the backgrounds now...

QWG 2016, PNNL R.Mussa, Bottomonium Physics at Belle-I1



Hindered M1 transitions from Y(3S)

s [ o | Spin triplet - spin singlet transitions
8 uf —— Non-relativistic potential | sensitive to heavy quark spin symmetry breaking
L Y(6S) .
=, - . —®— Unresolved triplets
10. 8| ] :
o p e Observed states Very recent paper: arXiv:1604.00770
g 10. 6 —
T 4y (49 == ———
B (3m (3P VA YAYAY
10. 4 — Y(2°D) Y(2'D)
IS NS —.—
10. 2~ S8y S e ms3
_ . Y(1'D)  Y(1'D)
—
10__ Y(29) (29 ' ‘
L b —
B h, (1P)
9.8~ ., (1P)
- bottomonium _
9.6 L Theoretical predictions from bOttomonlum
B —— Eur. Phys. J. C72 (2012), Issue 4, 1981 — — —
9-4:— v(19 —b(‘l? xvo — hyy | [B*, B*, B], [B*, B*, B*|, [B, B, B*]
= | | | | | | * * [ *
PC 1 ot 01,20 1T 1,2,3° ¢ Xo1 = hoy | B ’?"B]’[B’B_’B]
381 'S, 3P0,1,2 P, 3D1’2'3 p, Xb2 — hbh}/ [B*,B*,B], [B*:B*:B*]
he — xw0v | [B*, B, B, [B, B*, B*], [B*, B*, B*]
Components of the hy — xn~ | [B*, B, B*], [B*, B*, B]
loop for different hy — xuey | [B, B*, B*], [B*, B*, B*]

transitions
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Hindered M1 transitions between P waves

> C Non-relativistic potential > B Non-relativistic potential
| — |
8 11 i Y(69) . 8 11 L .
= N . —®— Unresolved triplets = N —®— Unresolved triplets
on 10.8 - Y(59) Ob n 10.8 — Y(59 ——
0 L —*— Observed states 0 B ( Observed states
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RS (49 == ——— RS i —_—
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9.6 - Theoretical predictions from 9.6 - ’ Theoretical predictions from
N —— Eur. Phys. J. C72 (2012), Issue 4, 1981 B —— Eur. Phys. J. C72 (2012), Issue 4, 1981
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%y,(2P) — vh (2P)

— requires Y(3S) data
— High background (inclusive reconstruction)

h_(2P) — yx,,(1P)

— requires Y(5,6S) data
— Low background (exclusive reconstruction)
QWG 2016, PNNL R.Mussa, Bottomonium Physics at Belle-I1
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—&= Stat Errar Only

Stat+Syst Error
- ===+ Spacirum Fit

Antinuclei in Y(3S) decays

CLEO results :

Bé(Y(15) — dX) = (3.36 + 0.23 = 0.25) X 1075, e +++ (a) T(28)
- - ek
B(Y(2S) = d + X) = (3.37 £ 0.50 = 0.25) X 1075 L ++
10 I
sf- "
BABAR results : I ==
g — Stat+5 II:rr:r
Resonance| Onpeak  # of 1" Decays  Offpeak 2E - <" s
7(48) 429 b 463 x 10° 4.8 §*F -|~+ '}“ (b) T(35)
7(39) 28.5fb ! 116 x 10° 263" & °F 4 ‘]’ +
10—
1 (25) 14.4fb~" 98.3 x 10° 1.50fb™" £ ' ey
Process Rate _— e -élat e
B(T(38) — dX) (2.33+£0.157035)x10° &, F - Soucmim
B(Y(28) — dX) (2.64 +0.1119-26) % 10~ : — =
B(T(18) — dX) (2.81+0.49192%) x10~ £ (c) Y(15)
olete” = dX) [\/s ~10.58 GeV] (9.63 +0.417117)fb o

o(ete” = dX)
o(ete~ — Hadrons)

(3.01 £0.137537)yx 10~

—=— Stat Errar Cinly

— Stat+Syst Error

ij s + S

With 0.8-1 Billion Y(3S) decays, we can
search for anti-tritium and He-3 production in

M

: 6 (d) cont. eTe”
bottomonium ‘{’ (@
4
QWG 2016, PNNL R.Mussa, Bottomonium I . : [ s
N R I I R R Y

ole'e —dX, 10.58 GeVidp _ (TGel/e) aE[vﬁSJ—}E:{yde 107 GeVi) dE{&'(asj—ﬁ‘{p'dpmhn“a't-‘.awc: aE.[Y(aS:—;Exmp_ 107GV s
o
=

AntiDeuteron P. {Gc".f c)



Only from Y(5,6S): 1 (1S) —yy

Search for n,_(1S)—yy

via exclusive channel: ' y(yy) !!

NRQCD NNLL prediction:
Penin et al., NP B699(2004),183

I'(n,(1S)—> yy) = 0.66+0.09 keV
With T(n) =10 MeV,
BR(n, (1S)~> vy) = 0.66*10*
~25 events with 1 ab™ at Y(55) or Y(6S)

| T(n, (19)—>1)/T(Y(1S)—>e'e) =
05 | 1/% =0.502+ 0.068(th)+ 0.014(501,)

I 15 2 25 3 55 4 45 35
v (GeV)

QWG 2016, PNNL
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Belle-II Theory Interface Platform (B2TIP)

Impact of new hardware
New analysis methods
New Trigger

Expected Precision

Impact ofTheory Landscape after Belle/Babar/LHCb
Progress in QCD?

New Physics after LHC run 2

GREEN PAPER on Belle-II Physics in preparation

2014 June 16-17 @ KEK (Kickoff meeting) meeting indico June
2015 February 23-25, NP WG @ Karlsruhe (Local workshop
organiser U. Nierste) indico
October 28-29 @ KEK, + KEKFF October 26-27 workshop Oct
indico

2016 February 22-24 @ LAL, NP "Follow-up"” meeting  workshop

(Local organiser E. Kou) indico

. https://kds.kek.jp/ indico/event/19723/

Summaries & minutes of the workshops

https://d2comp.kek.jp/collection/Public%20Memo https://belle2.cc.kek.jp/~twiki/bin/view/B2TiP




Wrapping it up ....

Belle-II hopes to do some valuable physics during phase-II run,
without low momentum tracking , and no vertexing.

A pilot run on Y(6S) peak, even with only 20fb™, will give us
about the 10x data taken in Belle-I. This will be a pilot run, to plan
future studies in this interesting region.

Searches for exotics are feasible at 10.65+10.75 GeV, also

200-300 fb™ at (and about) the Y(3S) peak will allow to publish
>10 physics papers after the first year of data taking :

- Rare n transitions - Spectroscopy of D(F) waves

- Hindered radiative transitions - Antitritium, He-3 in Y decays

Scans of the Y(1D) and Y(2D) regions are planned for Phase-III

Looking forward showing first results from Belle-1I in 2018 :

QWG 2016, PNNL R.Mussa, Bottomonium Physics at Belle-I1
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