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BEACH 2016 Physics prospects at Belle Il

B factories

J. Bennett

Very successful physics programs with a total recorded sample over 1.5 ab™ (1.25 x 10° BB)

— Experimental confirmation of CKM mechanism as CPV source in the SM
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Results from global fits to data

2001: CP violation in the B system is

established following the first measurements of State of the art:
the CKM parameter sin23 by BABAR and Belle EPS-HEP 2015 conference
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Excellent agreement between SM and results from B-factories and LHCb



BEACH 2016 Physics prospects at Belle Il J. Bennett .

Results from global fits to data

Parameterize NP contributions to the By s mixing
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PHYSICAL REVIEW D 89, 033016 (2014)
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Prospects for New Physics (NP) at Belle 11

* Search for NP in the flavor sector at the intensity frontier
* Flavor physics provides a probe for beyond the TeV scale

* Signatures of new particles or processes observed through measurements of
suppressed flavor physics reactions or from deviations from SM predictions

 An observed discrepancy can be interpreted in terms of NP models
* Need significantly more data to make this possible
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* Belle Il physics program much more than just CKM
* Dark sector searches, Lepton Flavor Violation (LFV), QCD exotics, etc.
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SuperKEKB
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SuperKEKB nanobeams

Beam current Beam-Beam parameter
Lorentz factor
To get 40x luminosity of Belle \ / \ / Geometrical

m O_* I 5 /\ reduction factors

— Yi y +9y+ [ 4\, | (crossing angle,

L — l + * * [ ) hourglass effect)

|
28’;\/ ey B, \5’5/

Reduce beam size to a few 100 atomic layers!

Beam aspect ratio at IP Vertical beta function at IP

KEKB

LER HER
beam energy 3.5 3

CM boost 0.425 0.28
half crossing angle 11 41.5 mrad
horizontal emittance 18 24 3.2 4.6 nm
emittance ratio 0.88 0.66 0.37 0.40 %
beta-function at IP  |Bx*/By* 1200/5.9 32/0.27 | 25/0.30 mm
beam currents 1.64 1.19 3.6 2.6 A
beam-beam parameter| ¢ 129 90 0.881 0.0807

y
beam size at IP 100/2 10/0.059 um
2.1 x 10% 8 x 10 s

Parameter




Belle Il detector
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~
KL and muon detector:
— Resistive Plate Counter (barrel)
-] =Scintillator + WLSF + MPPC (end-caps) y

*See the talk by

~
EM Calorimeter: W’
Csl(Tl), waveform samp \\\\\\ ) /// IB

g (b
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- \\\\\\\\\\ —— {i _‘ Saurabh Sandilya
tification h
— agation counter (barrel)
electron (7GeV) g Aerogel RICH (fwd) )
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Beryllium beam pipe
2cm diameter

Vertex Detector
2 layers DEPFET + 4 |a

positron (4GeV)

~ : e
Central Drift Chambe
He(50%):C2He(50%), Small ce

kIever arm, fast electronics

First new particle collider since the LHC
(intensity frontier rather than energy frontier; e* e" rather than p p)



BEACH 2016 Physics prospects at Belle Il J. Bennett

Advantages of SuperKEKB and Belle II

« Very clean sample of quantum correlated B°B® pairs &5yt uiv ' /

. Buag—> D, D Krutn - ;.
* Low background environment o

— efficient reconstruction of neutrals (% n, ...)

« High flavor-tagging efficiency X /\" \
* Belle Il ¥34% efficient vs. LHCb ~3% Q. \.]\
I
» Belle Il can also measure Ks and K, (impacts most \

time dependent CPV measurements)

» Dalitz plot analyses, missing mass analyses
straightforward

* Large sample of t leptons for measurements of
rare decays and searches for LFV

» Systematics quite different than those of LHCb
— NP seen by one experiment should be
confirmed by the other

« Ultimate goal: 50 ab™ data sample
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Full reconstruction tagging

* A powerful benefit of physics at B factories: fully reconstruct one B to tag the
flavor of the other B, determine its momentum, isolate tracks of signal side

..........................................

Full reconstruction:
(e = 0.1-0.3%)

-

Signal side:
B — Xe¢v - Precise meas. of |Vup)|

B — 1tv - Search for NP
B — Kwv - Search for NP

..................................................................................

* Excellent tool for missing energy, missing mass analyses!

* e.g.provide important high-mass sensitivity to the charged Higgs
in the multi-TeV range
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Belle II physiCS goals Expected uncertainties on several selected flavor observables

with an integrated luminosity of 5 ab* and 50 ab™ of Belle Il data

Observables Belle Belle 11
. . (2014) 5ab™"! 50 ab™"!
* Rich physics program UT angles Sn2p 0.667 2 0.023 £ 0012 [36] 0012 0.008
al’] 85 + 4 (Belle+BaBar) [24] 2 1
. y [°) 68 + 14 [13] 6 1.5
 Precision CKM ) Gluonic penguins  S(B — ¢K”) 0.90*2% [19) 0053 0018
f S(B — 7K 0.68 + 0.07 + 0.03 [57) 0.028 0.011
S(B— KYK2K?) 0.30+ 032+ 0.08 [17) 0.100 0.033
NEW SOUrces o CPV’ AB — K2 ~0.05 + 0.14 + 0.05 [58] 0.07 0.04
: : UT sides Vsl incl. 41.6-107%(1 £ 1.8%) [8] 1.2%
Lepton Flavor Violation, Viiexe 3510701 3050 227%,)[10] 18%  1.4%
V] incl. 447 - 1073(1 £ 6.0%,, +2.5%g,) [5]  3.4% 3.0%
Dark Sectors, Violexcl. (had. tag) ~ 3.52-10°%(1 £9.5%) [7] 44%  23%
Missing E decays B(B — 1v) [10°¢] 96(1 + 27%) [26] 10% 5%
] B(B — pv) [10°%] <17[59] 20% 7%
QC D exofics R(B — Drv) 0.440(1 = 16.5%) [29]' 5.2% 3.4%
L. R(B = D'mv)! 0.332(1 +9.0%) [29]" 2.9% 2.1%
° B(B — K**w)[1079) <40 [31] <15 20%
COmPEtItIVE and B(B — K*v) [1079] <55 [31] <21 30%
Rad. & EW penguins B(B — X,y) 345-10%(1 £4.3% £ 11.6%) 7% 6%
complementary Acr(B X, ) [107] 2224003 [60] ! 05
. S(B — K%x%) ~0.10 £ 0.31 + 0.07[20] 0.11 0.035
to LHCb phys|cs program S(B— py) ~0.83 £ 0.65 +0.18 21] 023 007
C7/Cy (B — X,L0) ~20% [37) 10% 5%
. B(B, — yy) [10°¢] < 8.7 [40) 0.3 -
* Bellell strong in B(B, — 7)[107] - <242 -
L d Charm Rarce BD, — pv) 531-10 (1 £5.3% + 3.8%) [44] 2.9% 0.9%
B(D, — 1v) 570-1073(1 £3.7% + 54%) [44] 3.5% 3.6%
MISSING energy modaes, BDP — yy) [10°9] < 1.5[47) 30% 25%
: Charm CP Acp(DP — K*K)[10°%] 0324021 £0.09 [61) 0.11 0.06
time d epen d ent C PV; AcpD? — 7% [1072] 0,03 £ 0.64 £ 0.10 [62) 0.29 0.09
. Acp(D" — K32°) [1072]  -0.21 £ 0.16 £ 0.09 [62] 0.08 0.03
very strong in CKM Charm Mixing XD~ Kgx'x) [107] 056019+ 05 (0] 0.14 0.11
WP = Kox*x ) [107%]  030+0.15+ ags [50] 0.08 0.05
metro | OogY g/ PD° — Kx*x) 0.90 £ 315 £ 00 [50) 0.10 0.07
HDP - Kin*x)[°) -6+ 11+ ¢ [50] 6 4
Tau T = py (107 <45(63) <147 <47
r — ey [1079) < 120 [63] <39 <12
T — ppp [10°7) < 21.0[64] <30 <03

P. Urquijo / Nuclear and Particle Physics Proceedings 263-264 (2015) 15-23
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PHYSICAL REVIEW D 92, 054034 (2015)

Bottomonium spectroscopy : Bottomonium Mass Spectrum
: 11022
11,0 P2 ——"'::z}:: Y,/(10.909) _
1 .110161 ::‘l-:vw 10.938) :’:o:::: - I::::ﬁ Y.(10.772)
« Considerable progress recently G e ™" s
in Lattice QCD §" B 0 e
« Belle Il has the opportunity to 8
search for missing states o ;
‘7" New states that !
. o5l (e might be found )
e Clean environment ) ceved states 4
« Search for new states inclusively %38 P Pys Di'Dpay 'R Faan  'Gi Ggan
* Reconstruct a single resonance and search the recoiling system
First Observation of the P-Wave Spin-Singlet Bottomonium States k,(1P) and h,(2P) Zb( 10610) and Zb( 10650)
4 D 5 es) z 4\, 120005 fp(1P)r+7T-
e ,. 10000
¥ 30000f Yeis) : / : ' é 8000
: ' . 7 = 6000}
£ 20000 - pop| T T 4000}
o 1| 20005[ m 1
5 ; ' w tIT] t
' _ | I{ I ! | .~| | I "ll!' 0,1,‘,.; {{ ]
0 K" ' Rl I e | ‘;.!'T." ."" = -20007 11 1 |, .
LRI 191 U (L B : 10.4 10.5 10.6 10.7

A i A A A 1
9.4 6 98 10 10.2 104 Mmiss (r), GeV /02

M i (GeV/c?) PRL 108, 032001 (2012) PRL 108, 122001 (2012)
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XYZ Spectrosco

Physics prospects at Belle Il

a subset

Y(4140)
Y(4274)

X(5568)

J. Bennett

P(4380)
Po(4450)

Many interesting states (recently) discovered

Molecular bound states?

Diquarks or Tetraquarks (deeply bound)?

Hybrids?

Kinematical effects?

Much to be done to quantify/confirm these states!
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Are there new CP violating phases?

 Most theories involving NP include additional CP-violating phases
 Some allow large deviations from SM predictions for B meson decays

» Search for new sources of CPV by comparing mixing-induced CP asymmetries
in penguin transitions with tree-dominated modes

* Time-dependent CPV in b — s decays such as B — ¢K°, n’K®, KKOK®

e lAtl/TBU

P(At) = -

PRELIMINARY
! 0.68 = 0.02

FT066'20.17 £ 0,07
0.90 *g?g

sin(2p") = sin(2¢;") FHY
1 {1 +q- [S sin(AmgAt) + .Acos(AmdAt)] } .
TBO

o K°

Belle
Average : : HP— 0.74 T513
Y BaBar v P —Hf[ T 05720.08x0.02"

o
x Belle ; & ' 0.68+0.07 = 0.03
SM: = o Average: ; ,:Er ; 0.63 + 0.06
o X@"Eaﬁzar"w """"""""""" I [ S A kb 0.94 705 £0.06™
. . v S elle ! ; " ! 0.30%0.32=x0.08
b > le—m Sb—)s | ~ 0 b v ¢ < Average ; : 1 0.72 + 0.19
- e ¥ “"BaBar v o . ~U 177055+ 0.20+0.03
Belle : . . 0.67+0.31+0.08
Average ; : i— : 0.57 +0.17
s [T o BaBar v T R YH/N 0 .'35’?8?2';0'.0656.03"
NP in lOOP- !mag\%grgei """"""""""" iR 0’.5’5’T&2é£d’?0221"
-« elle ' : C 091z )
e |Sb _ Sb— I >0 < 3 Average ! - +—
d —C 1 - a9 . d  peTeeae BaBar ;0T T T Vo 1 R T B -
: : o 1% 88

%)
X Belle
“_O

R
- o)
0,0
o K

oK

=
=
=y

Average ! :
T BaBar 7T B
N Average : ;
T BaBar YT — :
» 5 Average;

« Discrepancies with respect to J/{ K° could I
provide evidence for NP B Memel -

X
| g, Average: b o
X BaBar i :
B ¥ '
-

Belle
+, Average;

-2 -1 0 1 2
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Are there new CP violating phases?

 Most theories involving NP include additional CP-violating phases
 Some allow large deviations from SM predictions for B meson decays

» Search for new sources of CPV by comparing mixing-induced CP asymmetries
in penguin transitions with tree-dominated modes

* Time-dependent CPV in b — s decays such as B — ¢K°, n’K®, KKOK®

p’ 1] LA Ul I L] T VT U] 1 L | L}
§0.5 :
D 04t —— S(KIKIKD) 1
0.3 It S(¢_K%) u
Observables Belle Belle I LHCb o2t ‘ S(n K2) |
(2015) 50 ab~! 50 Run-1 22 ! ' sin 2p
T0%@AYT(4S), ab~'@T(4S)
improved K 0.1 b
(Ostats Osys) (Tsears ”x)'s) (Tseats Osys (Tstars Us_\'s) (Tstacs ”s_\‘s) : : N ) i
sin(2¢,) in B — J/¢¥Ks|(0.023, 0.011) (0.003, 0.007) (0.007) (0.035, 0.020)  (0.012, 0.007#)
sin(26,) in B — ¢Ks  |(0.14) (0.018) (0.015) (0.30)% (0.06) 0.033
sin(2¢;) in B - 1fKs |(0.07, 0.03) (0.008, 0.008) (0.009) ! 4§ Lil
Sep(B — m*x~) (0.08, 0.03) (0,013, 0.015)  (0.018) (0.13,  0.02)t (0.018, 0.010)} .
! 0.02} - ——10.018
Cep(B — 7*7™) (0.06, 0.03) (0.010, 0.015) (0.016) (0.15,  0.02)f (0.021, 0.010)} el .
1 ! i B 1 1
0.01 -_OO
- | Belle If -~ Projection 1 (0.008
0005 L lllllll 1 1 lllllll 1 1 1

1 10
Integrated Luminosity [ab™]
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Other probes for NP

* Radiative and electroweak processes

* b—sy(B—K*y), b—dy(B—py, wy), b—s&(B—K(*))
. 5 I~ —— ——————————————————
Starts at one-loop order  Suppressed by two orders of magnitude

* NP contribution could be different for each process

« Always one-loop or higher in b = s(d)y, but may be tree level in b = s(d)#

* For example helicity-changing NP models and

B > Ksm'y

dN T :

7 i [1 + q(A cos(Amt) + Ssin(Amt))]

YL e YR
\ S \ S -
10.035
Standard Model Left-Right symmetric model | | Bellell  Projecton
< R 0.02 ————+u E— S
Siﬁf_{o’y = —27¢sin(2B) ~ —0.03 Slkﬁnory = 0.67 cos(2B) ~ 0.5 1 10

Integrated Luminosity [ab™]
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Leptonic B decays
2HDM (type I1)

b T b T
B_ "V— + - - _I__I _—_

U \_/,r U \—"r
G2 mpm? m2 \ > 2\ 2

, . T : > 4, ) ) . tan?B

B(B — (v) = F E(1— g f]‘_-zglvu.b|27'B X|[1- mg ag
87 mp my .
——
BSM '

* Experimentally challenging

« >1 neutrino in the final state

» Signal side only has 1 charged
track (t = pvv, evy, nv, pv)

Illll]ll]l[l

Events / 0.05 GeV

» Use fully reconstructed hadronic 60 =17 et
and semileptonic tags 40 [ D
» Useful for |Vup| measurement 20 _— QL;E
(becomes competitive with P e L P S P vt el
0 02 04 06 08 1 1.2

semileptonic decays with 50 ab™)
E.c, (GeV)
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Leptonic B decays
2HDM (type II)

b - a -
B~ us + WHZ
z v, v,
B(B — ) = SFTIM (1- @)Qf%mmm (1-mp 22y
37 mB m?

Aim to measure B(B — tv)

. . . _1
Constraints on tan B and my greatly improve with 50 ab with precision of 3-5%

:fﬁ%kﬁ*ﬁ — L4 'vvl T L v'v'vtl
| v 80 e
t Belle ll  Projection
@ 70 -
w -1 -
.L =46ab ,
g 60 =P sys -
—— Total
= % -.- Systematics -:
§ 40 Theory (expected)
. ) 30
B factories - 2ob
exclusion plot ofF e
T R B <A T TR T RN I
400 600 800 100 200 400 600 800 1000 1 10

H* Mass (Gc\"/cz) H* Mass (GeV/cz) Integrated Luminosity [ab™)



BEACH 2016 Physics prospects at Belle Il J. Bennett

Semileptonic B decays

* Proceed via first-order electroweak interactions (mediated by W)

" 2HDM:
/H— /_ . B:BS v i(tanﬁ)
T o A SR M x iy (s

e Decays involving electrons
and muons less sensitive to
non-SM contributions

- Normalization
Bl —>D"Iv
Others

e Measure CKM elements
|Veb| and |Vup|
e Decays involving T also

sensitive to additional
amplitudes

e Search for NP

 Experimentally challenging %,0 02 04 06 08 1.0 1.2
Ec, [GeV]

Events / (0.05 GeV)
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Flavor anomaly in R(D) and R(D*)

Br(B—D*) v « Combined significance of
Observable: R = =t Or ) | & |
Br(B—D\*)tv) 4.00 disagreement with SM
% 0'5: | ——BaBar, PRL109,1018022012) '2 — 3 * Notcompatible with type Il
- - —— Belle, PRD92,072014(2015) Ax*=1.0 1 2PHDM . could be
E{ 045 LHCb, PRL115,111803(2015) — ’
- = Belle, arXiv:1603.06711 : accommodated by more
_ == HFAG Average, P(3?) = 67% - ]
0.4~ —— SM prediction ~ general charged Higgs of NP
0.35 = d T
= = o ™ ~—R(@B =D tv)
- e
03= - = T
025E iy moi T
B R(D), PRD92,054510(2015) N
[ R(D*), PRD85,094025(2012) T
O"...I,...l....l....‘
02 0.3 0.4 0.5 0.6 350,
R(D) 1
AEEEH TR D%
Belle Il should be able to confirm the excess with ~5 ab™ Ll (Beflelt i iroection) |

1 10
Integrated Luminosity [ab™]
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CPV in D%-D? mixing

* SM mixing rate is sufficiently small that NP contributions may be detectable
* Mass eigenstates are superpositions of flavor eigenstates

Dl = pDO ws qDO
In the absence of CPV, D; is CP-even, D, is CP-odd

~

(my —m,)/T  y=(y—T,)/@2r) T'=(T,+1,)/2 ¢ =Arg(q/p)

z (%) 0.37 +0.16

= ~ i Hio
. - O)
y (%) 06650 (Y alowed 3 60‘%?3 c,oner\vatlon. s
o = o (jarpl, @) = (1,0) consisterje
T - B50
o 40 —
< 0
201
- | 4+0.12
s _ : la/pl  0.91ZG08
20~ A 6 (°) —9.4715%?
0 B . o ) . PR RN B -4 E N
' H I O rT |X|r g = (X,y) - kU,U) 20 - :
-04--excluded with > 11.5¢ - f 3¢ -60-
__W}}l%%i}}}ll%{{{}}llll%}}}.50 l: | I | I L1 1 L1 1 L1 1 |
~06-04-02 0 0.2 04 06 08 1 1.2 06 038 1 12 1.4 16
x (%) lg/pl
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CPV . DO ]—)0 - . Expected uncertainties (M. Staric, KEK FFW14)
11 lelng Analysis Observable Uncertainty (%)
Now (~1 ab™') L =50ab™!
« Current measurements of x,y give Kgmim™ z 0.2 08
. A7 0.05
many constraints on NP models ' .
la/pl 18 6
 LHCb will dominate most of these ¢ 0.21 rad 0.07 rad
measurements, but Belle Il should LR Vor g;z 33;
be competitive in a few Kim m,; 0.025 i
* If LHCb sees NP, important for Y 0.45 e
: — la/p| 0.6 0.06
Belle Il to independently confirm! 5 0.44 s
£ 15[ . CPVallowed | o ' CP conservation | gelie 1150 ab™" |
X y)=( ) Belle 11 50 ab™" | § 8o (fa/pl, ¢) =(1,0)
5
‘ | o 40
g
@& ”
0.5 0
~2(
0 @] 8. { -40 o .
- H - = 20 20
No mixing - (x,y) = (0,0) 130 -0 (|a/pl, &) = (0.9,0) 150
-0‘5:_1 . 850 | | - W W . Joa 1 M50 )
-0.5 0 0.5 1 1.5 02 04 06 08 1 12 14 16 18

X (%) Io/pl
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Direct CPV in Charm 0

o — _
'D"— f)—T'(D —
Af _
P = By R —
BELLE Belle |l I‘(DO — f) +F(D — f)

measurement prOjeCtIOﬂ
g_ LI I UL I L I L] I L I Ll

" ' : . . . . .
sE Y, 00 " 0.08%4 * Major Belle Il contribution will be in channels
: : 5 with neutrals in the final state
7 D° o Ky + 0.03% , o
- ; i * Most measurements will be systematics limited
6 D°— K¢n ——  0.07%4

— 1 -

™~ [ | - -1 0 -]
F o ' . o/ ] mode L (™) Acp (%) Belle Il at 50 ab
Sp D= Ken 0.09% D" KTK- 076  —0.32+0.21 +0.00 +0.03

¥ : ] D - wtm 076  +0.55 4 0.36 + 0.00 +0.05
aE DO st ' g 0.12% ] D® — 7070 076 ~ £0.60 +0.08

- . ] D° — K20 791 0.28 4+ 0.19 + 0.10 +0.03

- ' : D° — K%n 791 +0.54 +£0.51 +0.16 +0.07
D= == 0450 D° — Ko 701 +0.98 + 0.67 + 0.14 +0.09

- g - D° - ntn—n° 532 +0.43 +1.30 +0.13

-, . : o D° - Ktz =" 281 —0.60 + 5.30 +0.40
2 D' -z , —®#0.14%7 D% — Kta—ntn~ 281 —~1.80 + 4.40 +0.33

- : ] D = ¢ 055  +0.51 +0.28 +0.05 £0.04

£ b omat o/ ] D+ — prt 701 +1.74+1.1340.19 +0.14
il ! 0'14/°: Dt — 'z 791 0.12+1.1240.17 +0.14

- I | D+ — Ko+ 077  —0.36 +0.00 £ 0.07 £0.03
L D* — KOK+ 077  —0.2540.28+0.14 +0.05

A 4 -2 0 2 Al %) DI = K 673 1545+ 250+ 0.33 10.29

cp\ 70 R 0+
no CPV D} — KK 673  +0.1240.36 +0.22 +0.05

(table by Marko Staric)
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Lepton Flavor Violation

Highly suppressed in the SM
BF on the order of 104° (t—¢y) to 104 (t—¢«)

Clean probes for NP effects

May induce LFV at one-loop

T decays uniquely studied at B-factories

J. Bennett

Hadron machines not competitive - trigger and track pr limiting

D Dpy  ppp
SM + heavy Maj v, PRD 66(2002)034008 109 10-10
Non-universal Z’ PLB 547(2002)252 109 108
SUSY SO(10) PRD 68(2003)033012 10-8 10-10
mSUGRA+seesaw PRD 66(2002)115013 107 10°
SUSY Higgs PLB 566(2003)217 10 [ 107
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J. Bennett

Lepton Flavor Violation

* Belle Il can access LFV decay rates over 100 times smaller than Belle for the
cleanest channels!
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Accelerator commissioning

Tentative Schedule e e monne
70¢
« Construction/Installation ongoing :::---- -------- Slelloli ol B
 “BEAST” Phase 1: Started in Feb 2016 5 0
(Belle Il roll-in at the end of the year) 3 :z: B S G
* Simple background commissioning %wé- & & A
detector (diodes, TPCs, crystals). w S - o e
No final focus. Only single beam G ::
background studies possible gé 2-
'\_“ ot | Y et” ! 1

« “BEAST” Phase 2: Starts in Nov 2017 s TR s A

 More elaborate inner background
commissioning detector. Full Belle Il
outer detector. Full superconducting
final focus. No vertex detectors.
« Commissioning/physics(?)
« Phase 3 /Run 1: Fall 2018
e Full detector, ~300 fb!
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I Accelerator commissioning

Te ntative S Ch e d ul e | BEAST and partial Belle Il commissioning

Full Belle 1l detector

70¢
« Construction/Installation ongoing ol _______GoalofBellell
« “BEAST” Phase 1: Started in Feb 2016 5 ot
. 30 .
(Belle Il roll-in at the end of the year) 3 b S
. - . — S s 5 h
* Simple background commissioning 10F- & & e
1L - e
3 :
w4 .
S b
= %
N o 2016 2018 20302032 2024

TOP detector installed in Belle
Il structure (May 2016)!

Magnetic field mapping then
CDC installation in the summer

’j v/
ull gdetecto

G

r, ~300 tb
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Tentative Schedule

« Construction/Installation ongoing

 “BEAST” Phase 1: Started in Feb 2016
(Belle Il roll-in at the end of the year)

Simple background commissioning
detector (diodes, TPCs, crystals).
No final focus. Only single beam
background studies possible

Physics prospects at Belle Il J. Bennett .

" Accelerator commissioning

BEAST and partial Belle Il commissioning

Beam Exorcism for A STable Belle ||
soz---:---

aof

£ d¢ [ab™)
S 8

-
<
LA BELA

S N &S O oo
T LA SN BARE LB B

Z 103 ecm2s]
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Tentative Schedule

« Construction/Installation ongoing

 “BEAST” Phase 1: Started in Feb 2016
(Belle Il roll-in at the end of the year)

* Simple background commissioning
detector (diodes, TPCs, crystals).
No final focus. Only single beam
background studies possible

« “BEAST” Phase 2: Starts in Nov 2017

 More elaborate inner background
commissioning detector. Full Belle Il
outer detector. Full superconducting
final focus. No vertex detectors.

e Commissioning/physics(?)

J. Bennett .

Accelerator commissioning

BEAST and partial Belle Il commissioning

Beam Exorcism for A STable Belle |

—

: Phase 2

20
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Tentative Schedule

« Construction/Installation ongoing

 “BEAST” Phase 1: Started in Feb 2016
(Belle Il roll-in at the end of the year)

* Simple background commissioning
detector (diodes, TPCs, crystals).
No final focus. Only single beam
background studies possible

e “BEAST” Phase 2: Starts in Nov 2017

 More elaborate inner background
commissioning detector. Full Belle Il
outer detector. Full superconducting
final focus. No vertex detectors.
« Commissioning/physics(?)
« Phase 3/Run 1: Fall 2018
e Full detector, ~300 fb!

Physics prospects at Belle |l

J. Bennett

I Accelerator commissioning
BEAST and partial Belle Il commissioning
Full Belle Il detector

Goal of Belle Il

9 months/year
20 days/month
-

" & l A

, —l
2070 2018 2020 2022

2024
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Summary

 Major upgrade at KEK represents an essentially new experiment

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

» Belle Il has a rich physics program, complementary to existing experiments
and energy frontier program

e SuperKEKB commissioning ongoing! i
60 I
« First physics possible as early as 2017, sofmm S . . G031 OF Belle Il
full detector running in 2018 b wF
s 30;_ e N ™M
N 20k g 2 8
* F £ 9 months/year
105_ | = 20 days/month
= OF [ | NP EEPEEPEPE
sSsuper '?E 6
KEKB S 4
v, ) [SHP
‘\.—" 0: L e — L 1
2016 2018 2020 2022 2024
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The Belle II Collaboration

615 colleagues, 98 institutions, 23 countries/regions

Carada

JJJJJJJJ

Had
Vietram Phasppure L)
Nuger ) o~ ene el
S o Q Duyans
— Somaka oy ohomiba T -
' Keay )3
N R Congo ndonesa -
!!!!!! s0us New
\ Gurea
e o
— Norambigue
Mametaa Jmbaby
Botsman . Nadagascar
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Super KEKB limitations

Y(65S) peak energy can be
reached keeping the
same beam asymmetry
(i.e. the same boost) used

for standard running at
Y(4S)

The LER beam is limited
by magnets in the beam
transport line.

To reach Ecm=11.24 GeV
(A A, threshold) we can

increase HER energy
only, up to 7.55 GeV.
(max Linac Energy)

Bch threshold: 12.55 GeV

QWG 2016, PNNL

Beam Transport  Final Focus

(magnet) Quads
< 88 |
o i o st o
O 86 - Eem=12 GeV Beam Transport
> - ; (magnet)
S t
- ;
L - |
€ 82
S :
o .
(a0} 8 =
5 : Ecm=11.24 GeV
+ 78I
7.6 B~
" Linac
7 4 . - Energy
7.2 :'- \
6.8 I U R MR I S DTN Ny SN DU S
' 4 405 41 415 42 425 43 435 44

LER Beam Energy (GeV)

wn

R Mussa, Bottomonium Physics at Belle-II
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First Physics
m

Y(1S) On -No interest identified
-Low energy
Y(2S) On New physics searches 20+ -Requires special trigger
Y(1D) Scan  Particle discovery 10-20 -Accessible in B Factories?
Y(3S) On Many -onia topics 200+ -Known resonance
-Luminosity requirement: Phase 3
Y(3S) Scan  Precision QED ~10 -Understanding of beam conditions needed
Y(2D) Scan  Particle discovery 10-20 -Unknown mass
>Y(4S) On Particle discovery? 10+? -Energy to be determined
Y(6S) On Particle discovery? 30+? -Upper limit of machine energy
Single y New physics? 30+ -Special triggers required
Experiment |Scans/Off. Resi T(5HS) l T(45) l T(3S) l T(25) T(1S5)
10876 MeV|10580 MeV[10355 MeV 10023 MeV (9460 NeV
fh—! fhb=t 10° |fh=! 10° |fb=] 10° |th~!' 10° |fh~ 10°
CLEO 17.1 0.4 0.1 16 17.1 f 1.2 D 1.2 10 1.2 21
BaBar >4 Iy, scan | 433 471 ( 30 3 122 | 14 99 —
Belle 100 121 36 |711 7724\ 3 /12 |25 158 | 6 102

\_/



