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Role of Flavor Physics

- Search for New Physics through processes sensitive to presence of
virtual heavy particles.

» Complementary to direct search at LHC high Pt programs.

* Becoming more and more important, since no NP signal at LHC at
this moment.
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SuperKEKB/Belle |l

New intensity frontier facility at KEK
» Target luminosity ; Lpeak = 8 x 103°cm-2s-!
= ~1010 BB, T*T- and charms per year !
Linc > 50 ab-!
* Rich physics program
Search for New Physics through processes sensitive to virtual heavy particles.
New QCD phenomena (XYZ, new states including heavy flavors) + more
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Advantage of e*e- Flavor Factory 4

Clean environment

Efficient detection of neutrals (Y, 1%, n, ...) an‘ffj; YD::(VV. /
Quantum correlated BOB? pairs o A
High effective flavor tagging efficiency : T
~34%(Belle Il) €= ~3% (LHCb) o
Large sample of T leptons . l )

Search for LFV T decays at O(10-9) |

» Full reconstruction tagging possible T Tagside  Signal side 4 T
A powerful tool to measure; 4>'“\ Y(‘i S)
b—u semileptonic decays (CKM) K B., B \\ 4
decays with large missing energy & L \"v

- Systematics different from LHCb
Two experiments are required to establish NP
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Tauonic B Decays

New Physics may appear in tree level.

3rd generation quark (b) and lepton ~ ° * °
(T) involved. W-/H-

V‘l?
* large masses — sensitivity to NP \
-

* Charged Higgs, Leptoquark, ...

B—=D® TVvand B— TV are b iy c

complementary \\w
.

Quantities of interest
* Lepton Flavor Universality : b v

« R(D),R(D*)
* Polarization: P+, Pp* WoIH-
* qg? distribution etc.




B — D® T vV Belle Results

Tag side Signal side
» inclusive e T = | VV
+hadronic . BF(B - DWWt v,)

T WV R(D(*)) -

- semileptonic

BF(B —» DM,

| (IF=e"u)
N —
WV ;Tl‘ﬁl,/'l 2-3 neutrinos
- Impossible to fully
reconstruct Bg;,
year | tag | T mode R(D) R(D*) Ref.
2007 incl. | 1TV, VWV PRL99, 191807 (2007)
0.38+0.1 | 0.34+0.08
20101 incl. | TTV,IVV PRD82, 072005 (2010)
2015 had. VvV 0.37510.064+0.026 0.293+0.038+0.015 PRD92,072014 (2015)
2016]| s.l. \Y; IN PROGRESS 0.302+0.030£0.01 | PRD94, 072007 (2016)
2017 had. | TTV,pV 0.270+0.035+0.027 PRD97. 012004 (2018

~20% (stat) ~7%(syst) ~10-13% (stat) ~3.6-10%(syst)




B— DO TVw/ TIvv & had. tag

« M2, to measure B—D0) | v

* MZmiss = [ p(ete-) - p(Bug) - p(DO) - p(l) ]?
» Transformed neural network output (O’ng) to
measure B—=D0) TV

+  Powerful input: sum of ECL energy not used for
signal reconstruction (EecL)

H - — : P B— Doy 25
B - D"t v, w0 H :
- :_ -ul\cl o -
sample 290 | Booen|
o 200 »0 *4 7]— — @ 15F
E 150[- i B - D l vl Lgu -
g - : 10
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sof—.izi' i °F
f*‘*""‘"* e ada o
- 160[- — sof- .
B° - D*r7v, 1a0f- B B DHv 70f- (signal)
120F W other BG | 60
Sample .21005— e 2 50F- — D+T Vr
_ & sof 1y & 4o (signal)
BO - D+l_171 — 50 ++%H-‘f : 30f- g
. = Tt + :
(normalization) L L 3
i

0.2 0.4 0.6 0.8
M2, (GeVic™) Opsa’

R(D) = 0.375 + 0.064(stat.) + 0.026(syst.)
R(D*) = 0.293 + 0.038(stat.) + 0.015(syst.)




B—D"TVvw/ TIvv &s.l. tag

> 5 * * 2
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additional v Signal event P . 4 e L
£ . +¢ _
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[ Signal modem,,:,.‘w“ \
Two dimensional fit to 000 bt o]

neural network output 050555
(ONB) and EECL

—~ T
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w
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The first measurement of | Z 7 N
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N
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R(D*) = 0.302 + 0.030 (stat.) + 0.011(syst.)
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B— D"TVvw T2T1/pV & had. tag

P; (D) = -0.497+ 0.013

Analysis w/ T hadronic decays
— T polarization

1 dI'(D™) 1
— - |14 apr. (D™ ,kom]
[(D™) dcos One 2[ +abr (D) cos Ohe

t=>nv:a=1.0, t=pv: a=0.449
2 Nig(cos Opel > 0) — Ngig(cosbOpe < 0)

) = G Vg (€05 Bt > 0) + Ng (05 b < 0)

T rest frame

WB-DtV,
| WB-DIT,
Sum of all samples\ W50, 150
— : = +had. B -
g 8 Signal events \%11(10 M Fake D" etc.
0 7 @ Data 0.5

%02 04 06 08 1 12 14

Ece (GeV) cos,,

R(D*) = 0.270 + 0.035(stat.) 15055 (syst.)
P.(D*) = —0.38 + 0.51(stat.) X042 (syst.)

The first measurement of Py (D*) : < +0.5 (90% C.L.)




Measurement of T polarization

—_ D _ (14 an(D")costhe)
['dcosOye 2 @bz (D")c0sUpel

a—{ 1  fort” - m v,
~ (~0.45 forTt™ = pTv,

W rest frame

T rest frame

2E{Eq—m%-mj

— C0SO_,; =
Pa\__ g, vd 2 |pelipal

P |

By the Lorentz transformation,

v D5 |c0sbpe1 = —BYE; + ¥|Palcosb,,

-
/
l
\
~

{\ VT ! -~ “r’ ‘ ‘ ‘
N =? -
m2 —m3 1o, Er
m2 m, m.,

Solving the equation, cosfy,, is obtained!



Summary of present R(D()) Results
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BaBar, PRL109,101802(2012)
Belle, PRD92.072014(2015)
LHCb, PRL115,111803(2015)
Belle, PRD94,072007(2016)
Belle, PRL118.211801(2017)
LHCb, FPCP2017
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R(D*)=0.252(3) S. Fajfer et al. (2012)
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BaBar had. tag
0332=0024=0018

Belle had. tag
0293 = 0038 =0.015

Belle sl tag
0302 =0.030 = 0.011

Belle (hadronic tau)

0270 = 0035 = 0.027

LHCb
0336 =0.027 =0.030

LHCDb (hadronic taun)
0285=0019=0.029

Average

0304 = 0.013 = 0.007
S. Fajfer et al. (2012)
0252 = 0.003

HFLAV
| Frcp 2017 _|

1 1 l 1

1

L

1 1 1

—— R(D")

02

0.3 0

4

R(D*)

o
bo

R(D)

R(D) = 0.300+£0.008 HPQCD (2015)
0.299+0.011 FNAL/MILC (2015)

0.299+0.003 P. Gambino, D. Bigi (2016)
LQCD+{(B—DIV) from BaBar/Belle

R(D*) = 0.2521+0.003 S.Fajfer, ].FKamenik, and
|.Nisandzic (2012)

BaBar had. tag
0440 = 0058 = 0.042

Belle had. tag
0375 =0.064 = 0026

Average
0407 =0.039 = 0024

FNAL/MILC (2015)
0299 =0.011

HPQCD (2015)
0300 = 0.008
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Expected resolution at Belle I

* Simple extrapolation by luminosity allows (* ., er of decay modes usedin
measurements with statistical errors; tagging (Belle — Belle I)
. B*:17 = 29
« R(D):~ 7.5% (2.4%) at 5 (50) ab-! . BO: 1426
. . ] . D*/D*/Ds*: 18 — 26
R(D*): ~ 4.9% (1.5%) at 5 (50) ab-" | DD /D18
for hadronic tag + T vv a cete G _
& 07 _.
e Statistical error will be further reduced £ o5
. . . . 04
by improved tagging with; -
e Fast BDT 02
01 3
[ ) More decay mOdeS 210....310....4.0....510....610....710....sb....ofo
purity (%)
Tag algorithm date MVA Efficiency Purity £ —
Belle v1 (2004) Cut-based (Vcb) - - g 1 z‘:
Belle v3 (2007) Cut-based 0.1 0.25 3 °‘85'
Belle NB (2011) Neurobayes 0.2 0.25 oF
Fast °‘4;' _
Belle Il FEI (2017) BoostedDecisionTree 0.5 0.25 o2}
|

* Will soon hit the systematic limit ! N




Leading Systematic Uncertainties (Belle)

Uncertainty in D™ composition
Uncertainty in modeling of B—=D™ | v kinematics

Uncertainty in hadronic B decays as well (for
measurements with T hadronic decays)

Phillip Urquijo @ LHCb semitauonic workshp at LAL (Nov.2017)

Had ta Had ta
Experiment pIrEc:;iC:;* SL tag Rp* Ro, : Ro, : Haf_:laf\?l)’
T>hv lvyv

1 MC statistics Gauss 2.2 3.5
2 B> D** lv modelling Uniform  +1,-1.7 2.4 1.5 4.2
3 B>D*lv Gauss +1.3,-0.2 2.3
4 D** decay modes Uniform (in2) (in2) 1.3 3.0
5 Hadronic B decays Mixed 1.1 7.3
6 B->D**tv Uniform (in2) (in 2)
7 Fake D(") Gauss 1.4 0.2 0.3 0.5
8 Fake lepton Gauss - - 0.6 0.5
9 Lepton ID Gauss 1.2 1.8 0.5 0.5
10 TBr Gauss 0.2 0.3 0.2 0.2
11 Other Gauss - 2.3

Total 3.5 9.9 5.2 7.1

* Gauss = data driven or PDG, Uniform = nominal central value is arbitrary

Belle Il will provide much more information

Differential distribution of narrow and broad components

14

4 Belle, arXiv: 1803.06444

New hadronic tag analysis
* B*—=DOT1TIV (1.4k signal)
« BO=DOTTHIV (1. 1k signal)
o B(B* - D~ ntf+y)
= [4.55 + 0.27 (stat.) + 0.39 (syst.)] x1073,

e B(B" - D'n #tvw)
= [4.05 £ 0.36 (stat.) £ 0.41 (syst.)]x 1073,

e B(BY - D* =tftv)
— [6.03 + 0.43 (stat.) = 0.38 (syst.)]x 103,

e B(B" - D%z f*v)
= [6.46 + 0.53 (stat.) + 0.52 (syst.)]x 1073,

B
T

- B*—=D =lv —~ Data - ’B‘—oD"rr'\'

Counts/(0.032 (c_;ewé P
g

B & 8 B

Pul
B e

NI |
M [(GeVIcF]

~

~

O(10) more tags expected.

More complete study of D decay width m2miss studies and hadronic modes



R(D¥*)
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Belle |l Projections

* Lepton universality violation may be established even with 5ab-1 (2020).

* High statistics data will provide more detailed information, such as T
polarization, q2 distribution, to discriminate type of NP.

1 T T T T I T T T T I T T T T I T T T T

Belle Il Projection
——— Belle Combination
SM prediction: PRD85 094025 (2012), PRD87 034028 (2013)

Scalar
Vector PRD87 034028 (2013)

Tensor

f:)
%)
=

L sp 8fb h / /”_“ \\\ ;

L 2op 22fb4’L 7 s b\\\ 0.5
[ son’ §OBR \\ R |

B NS
0.28]- tHEP &’//j

S
)
(o]

III|IIIl

llll
S
=
(]

026 Wliich  [Beliell - R \_/ - TR P evie
- SM [ * | Future WA [ *]SM prediction . - | | o |:
024503 035 04 o045 U2 0% 03 0% 0.4 ekt
arXiv:1709.10308 R(D) R(D)
AR(D) [%] AR(D®) [%] * More observables (distributions) !
Stat Sys Total Stat Sys Total *  P(1), P(D¥)
Belle0.7abt 14 6 16 6 3 7 » dl/dq? dl'/dpp¢y, dl'/dpe, ...

Bellell5ab!l 5 3 6 2 2 3
Bellell50abl 2 3 3 1 2 2

e More modes!
e B—oT1TT1YV,
e Bs = Ds TV (at 5S runs) ,
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SuperKEKB Accelerator

® |Low emittance (“nano-beam”) scheme employed (originally proposed by P. Raimondi)

Machine parameters Il (withot orab)

SuperKEKB KEKB Viin
LER/HER  LER/HER

\\“‘; 422 mrad ~10Qum /-

E(GeV) 4.0/7.0 3.5/8.0 | crossing angle /.

Replace short dipoles with
longer ones (LER)

crossing angle

€ (nm) 3.2/4.6 18/24 conéng e

Y & - , . _’a‘ B -
B)’ at IP(mm) 027/030 5.9/5.9 / @] — New superconducting final

focusing quads near the IP

Bx at

IP(mm) 32/25 120/120

Half crossing 415 ¥

angle(mrad) : X2 H H
I(A) 3.6/2.6 1.6/1.2 WA TR TP ——

Redesign the |attices of both rings to Dainping ring ’
reduce the emittance

Lifetime ~ | Omin | 30min/200min ‘-"/

Low emittance qun

Add / modify RF systems for
higher beam currant

Positron source

New positron target / capture

section
TiN-coated beam pipa with k

antachambers in LER F.D-‘.'.' emittance electrons to
L(cm2s-!) 80 | 034 2.1% 103 L) B . .R]

x 40 Gain in Lum|n03|ty
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Belle Il Detector

Deal with higher background (10-20x), radiation damage, higher occupancy,
higher event rates (L1 trigg. 0.5— 30 kHz)

Improved performance and hermeticity

Belle Il TDR, arXiv:1011.0352 : Kl_ and muon detector
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC (end-caps, inner 2
\wbarrel layers)
| ———

EM Calorimeter NN
CsI(Tl), waveform sampling ‘electr

~ Pure Csl + waveform sampling
ing Aerogel RICH (forward)

— ¥ — !

electrons (7GeV)
 rate >2 x lower than in Belle

entification
agation counter (barrel)

Vertex Detector
2 layers Si Pixels (DEPFET) +
4 layers Si double sided strip DSSD ' ‘

L

(11
i
/

positrons (4GeV

Central Drift

Smaller cell size, long le

Belle 11
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SuperKEKB/Belle Il Schedule

Calendar year 2016 2017 2018 2019

Japan FY JFY2016 JFY2017 JFY2018 JFY2019
Summer shutdown Summer shutdown Power saving Summer shutdown
(power saving) (power saving) after mid July 20[18 (power saving)

/ (end Feb. — mid Jul. 2018) oA
w/o QCS

phase 1 yogeiel phase 2 (MR) phase 3
E— E—— T -
w/ QCS
MR renovation for phase 2, including - Wt/ Bi”e” (no VXD)
MR startup installation of QCS and Belle II "ir oot IVXD installatibn
(. I
. phase 3 operation
DR installation & startup DR commissioning 9 months / year

2 = L L]

Phase 1 (w/o final focusing Q, w/o Belle Il): ||Phase 2 (w/ final focusing Q, w/Belle Il but
- Accelerator system test and basic tuning, background monitors instead of vertex

- Vacuum scrubbing, detectors)

- Low emittance tuning, and - Verification of nano-beam scheme

- Beam background studies target: L>103¢ cm-2s-2

- Understand beam background especially in
vertex detector volume




Belle Il Integration

| BKLM 20I3 TOP 2016 Feb- May' CDC 2016 Oct-Dec

CDC installation

TOP module mstallatlon ‘ . 15 T; 1
2016 Oct-Dec

2016 Feb-May TR ,‘-' ~’

20




Belle Il Integration

BKLM, 20 |3 TOP 2016 Feb- May_ CDC 2016 Oct-Dec

CDC installation

TOP module mstallatlon

2016 Feb-May 2016 Oct-Dec

Roll-In 2017 Apr.

20




Belle Il Integration

BKLM 20I3 TOP 2016 Feb May CDC 2016 Oct-Dec

TOP module mstallatlon T o cDC. |nsﬁllat|on
2016 Feb-May TR - e 82016 Oct-Dec

— |,
T T

Roll-In 2017 Apr.

20



Belle Il Integration

B-KLM, 20I3 TOPR 2016 Feb May_

¥ msta\llatlon 2013 TOP module mstallatlon :
Li' 2016 Feb-May
A

= -__
T T

Roll-In 201 7Apr. A-RICH+FW-ECL
2017 Oct.

CDC 2016 Oct-Dec

CcDC |nsf5llat|on
2016 Oct-Dec

20



Belle Il Integration

B-KLM.2013 TOP2016 Feb-May DC 2016 Oct Dec

TOP module installation ‘., '
2016 Feb-May

-200 <100

i \c“\\ﬂrmm

/ "\
/‘ \ TOP

¢ KLM

100 ( 100 200 300

RoII In 20I7Apr A-RICH+FW-ECL .
2017 Oct. Global Cosmic Ray Run

2017 Nowv. -




Phase 2 Commissioning

Machine commissioning strategy
|. Start with low beam current
2. Squeeze beams to achieve specific Luminosity
L, = L/(li].ny) = 2%103//cm2/s/mA?2
cf. L,=1.7x103//ecm?/s/mA2 @KEKB

3. Increase number of bunches (n,) from 394 to
1576, keeping bunch current constant:
|, =0.64mA, | =0.51mA

4. Further squeeze beam to achieve Ly, = 4x]03!/
cm2/s/mAZ2, and even 8x%103!/cm2/s/mA2

21

@:&E Machine Parameters

SuperKEKB can exceed the peak luminosity of KEKB when we achieve fy > 0.05

Phase 2.2 (8x8)

Phase 2.3 (4x8)

Phase 2.4 (4x4)

LER HER LER HER LER HER
IL X In, np 1000 mA x 800 mA, 1576 bunches (3-bucket spacing)
px" [mm] 256 200 128 100 128 100
Py [mm] 2.16 2.40 2.16 240 1.08 1.20
&y/ex [%] 5.0 1.4 0.7*
Ex 0.0104 0.0041 0.0053 0.0021 0.0053 0.0021
z 0.0257 0.0265 0.0484 0.0500 0.0496 0.0505
Tounch [MA] 0.64 0.51 0.64 0.51 0.64 0.51
L 1x10% 2 x 10 4% 10%
fem?s1] (tentative target)
[m_};;znA:] 1.97 x 1031 3.94 x 1031 7.88 x 1031

* conserve By*/ey

21
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Phase 2 Commissioning
Machine commissioning strategy Q==

. SuperKEKB can exceed the peak luminosity of KEKB when we achieve &y > 0.05
|. Start with low beam current A L ¥ y

Phase 2.2 (8x8) Phase 2.3 (4x8) Phase 2.4 (4x4)
2. Squeeze beams to achieve specific Luminosity LlER | HER | LER | HER | LER | HER
— — IL X In, np 1000 mA x 800 mA, 1576 bunches (3-bucket spacing)
L, = L/(li].ny) = 2%103//cm2/s/mA?2
px" [mm] 256 200 128 100 128 100
cf. Lsp= |.7%103!/cm?2/s/mAZ2 @KEKB B, (mm] PR 2.40 216 2.40 1.08 1.20
&y/ex [%] 5.0 1.4 0.7*
3. Increase number of bunches (n,) from 394 to :
Ex 0.0104 0.0041 0.0053 0.0021 0.0053 0.0021
|576, keeping bunch current constant: S 00257 | 00265 | 00484 | 00500 | 0049 | 00505
|+ =O.64mA’ I_:O.S I mA Tounch [MA] 0.64 0.51 0.64 0.51 0.64 0.51
[cm‘LES'l] (ten:at)i(vl(:::get) R el
4. Further squeeze beam to achieve Ly, = 4x]03!/ L. ot 10 P
cm?/s/mA2, and even 8% 103!/cm2/s/mA2 Foonsenve Bley
Beam backsround stud Phase-2 BEAST-VXD setup
5 Y in VXD volume
Study PXD / SVD prototgg
Beam-size scan Measure Touschek BG component + backgroundeg

Vacuum bump study ~ Measure Beam-gas BG component
Collimator study Find optimal setting

Injection study Measure injection BG time structure,
improve injection efficiency

Luminosity scan Measure lumi. BG component



Phase 2 Commissioning

Machine commissioning strategy
|. Start with low beam current
2. Squeeze beams to achieve specific Luminosity
L, = L/(l:].ny) = 2x103//cm?2/s/mA?
cf. L,=1.7x103//ecm?/s/mA2 @KEKB

3. Increase number of bunches (n,) from 394 to
1576, keeping bunch current constant:

|, =0.64mA, 1 =0.5ImA

4. Further squeeze beam to achieve L, = 4x 103!/
cm2/s/mAZ2, and even 8% 03!/cm2/s/mA2

Beam background study

Beam-size scan Measure Touschek BG component

Vacuum bump study ~ Measure Beam-gas BG component

Collimator study Find optimal setting

Injection study Measure injection BG time structure,

improve injection efficiency

Luminosity scan Measure lumi. BG component

Ir X Ig, mp

Px" [mm]

Py [mm]

€y/€x [%]
Ibunch [Hm]
L

[em2s1]

Es
[em2s-1/mA?]

Phase 2.2 (8x8)

Phase 2.3 (4x8)

Phase 2.4 (4x4)

LER HER LER HER LER HER
1000 mA x 800 mA, 1576 bunches (3-bucket spacing)

256 200 128 100 128 100
2.16 2.40 2.16 240 1.08 1.20
5.0 14 0.7*

0.0104 0.0041 0.0053 0.0021 0.0053 0.0021
0.0257 0.0265 0.0484 0.0500 0.0496 0.0505
0.64 0.51 0.64 0.51 0.64 0.51
1x10% 2 x 10 4x10%

(tentative target)
1.97 x 1031 3.94 x 1031 7.88 x 1031

Il

[

* conserve By'/ey

21

@EEE Machine Parameters

SuperKEKB can exceed the peak luminosit_y of KEKB when we achieve €y > 0.05




Phase 2 Commissioning

First collision

HER: beam stored LER: beam stored Beam-Beam
HER: ~20 turns LER: ~20 turns deflection Luminosity HER (test)
1 HER: Phase 2.1 LER: Phase 2.1 l Run Phase 2.1.1
L] I llll I ) L] L) L] ' ] L] L | L l L) Ll ¥ L] I LI e | L] I L ) LB L) l L) L] L ) l L] L) L] L] I
11000_ |10
K00 =
! 600 § -10°°
A ! AL i 2
| = 107
Na (o .kl ’HI L | 500 3
__".!lil'h-_Ilr“"'l . [ I' I | |Iv Al II llm Iul A s whul rlll 108

Beam Current [A]

"L' Gl i Hl I” ,
- At O] ek e .|||..|Nl )

Tohemes 4/1  4/6 4/11 4/16 4/21 4/26 5/1 5/6

[eg] ainssarg [ul

22



Phase 2 Commissioning

Belle I

Super

KeKB

First collision

HER: beam stored LER: beam stored Beam-Beam
HER: ~20 turns LER: ~20 turns deflection Luminosity HER (test)
1 HER: Phase 2.1 LER: Phase 2.1 l Run Phase 2.1.1

..... | y ¥ Nii v W
! ' EVHIR: Bl ) 11000 | 105
800 =
| 6005’ 10

||| WL it
‘“Hl’ y | . 200? 10

_l .l.-l“ll“lnm‘““.l -u“ .| llmlu
| L LR 0] TR |
b AL ] lmrl-umhlh LU ),

'Ohemgs 4/1 4/6 4/11 4/16 4/21 4/26 5/1 5/6

Beam Current [A]

[eg] ainssarg [ul
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Phase Commissioning

Beam-Beam deflec obs d: 201804725
Egﬁ 383 Eﬁ% 332 {:“u:d] % Lumninosity Run bt e o obs 3& 2018004126
Luminosity 000 (now) 13.722 (peak in 24H @23:20) [10°%/cm?/sec] Phase211 coi S:20180522
Integ. Lum. O(Fll) .0(Day) .0(24H)[/pb] 5/24/2n1sonUJST
10
o
=
2 | 109
8
— o
= T’
2 2
g
= 108
© 5
pe 10"
= o
g =
= g
z r 108
a
Belle II = Srow?
Super E 0. 108
KEKB 3
— 12— o.008
d & E By
=) 10— Y]
300 = E —Jo.006 | £
ol 8F— S
’ G E g
E 8
E 6F— —Jo.004 ES
g E @
3 4f— A
A E —Jo.002 | =
2 ?
- e T | [ )| -
£ 6F 20 -
3 af G
2 2E— = =
@ 4 1 1 | | I H |
o"e"o® 3 6" o 12" 15" 18" 21" o"o"
: M 5/23/2018 5/24
First collision

HER: beam stored LLER: beam stored Beam-Beam

HER: ~20 turns LER: ~20 turns deflection Luminosity HER (test) . .
l 1 HER: Phase 2.1 LER: Phase 2.1 l un Phase 2.1.1 Lu mi nOSIty

v v Hi Y YW > |x1033cm-2s-!

| L LR 0] TR |
Imrl-uminli. LN I

3/21 ghgngs 4/1 4/6 4/11 4/16 4/21 4/26 5/1 5/6

0.3 SiotiGEELEE LIS ¥ | 5 SFTalk SR I SSEEREE S BEarhiat "ok IWH FRER: PAR B Eaitali iy § WL B Skl it AR S

0.25 hER A monh 105

800 =
0.2 o r_}f e

= 0.15 =
2| % ‘ iJIM 5 (10

o |0.05 =4
g g — li.-l--”“ 'l.llnl'“'“ || |Irll A | llmlu =) 108
% 0 ER o 107
8 0.3 % .
as — 10

o

s,

2,




Construction of Vertex Detector

+ Construction of the vertex detector is also in progress.

* 4 layers of strip (SVD) + 2 layers of pixel (PXD)
semiconductor sensors.

+ They will be installed in summer 2018, after test collision run.

Completion of SVD half shell PXD layer |

23




Summary

* Measurements of B=>D"T V is one of highlights in the Belle
Il physics analyses.

e If confirmed both at Belle |l and LHCDb, it would be a
breakthrough in particle physics !

* Deviation may be established even with ~5ab-!

* Many improvements are expected;
* Improved efficiency

* More observables (T polarization, g2 dist., etc.)

* Measurements at Belle Il will be systematic error limited.
Need parallel efforts to understand B semileptonic and
hadronic decays with excited D* states.
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Belle Il Outreach

Z)

Belle Il Experiment @belle2collab - 10H31H

Today is #darkmatterday. Read more about dark matter research at #Belle2 at
belle2.jp/discover

facebook.com/belle2collab/p...

& =FEH SR

v

Belle Il Collaboration
YEm#: Robert Seddon 66148 - @

The big eye of the Aerogel Ring Imaging CHerenkov detector (ARICH),
which will be located in the forward endcap of the Belle Il detector, has
been completed! All 420 of the novel pixelated photo-sensors known as
HAPDs (Hybrid Avalanche Photo-Detectors) have been installed
together with the corresponding read-out electronics. This is a major
milestone for this innovative detector system. What remains to be done
is the cabling of signal and supply lines on the rear side of the detector.
Once this is accomplished, the cover lid will be placed over the aerogel
layer and mounted on the #Belle2 structure. We are looking forward to
seeing Cherenkov rings!

BRERD

N 3067ANEU—FLELE

Duvnka!  QDaxvrsz @ vrIs @~

@
U

WA AS )

&

; @Belle2collab

Also public HP: belle2.jp


http://belle2.jp

Belle Il Outreach

Belle Il Experiment @belle2collab - 10H31H v
@ Today is #darkmatterday. Read more about dark matter research at #Belle2 at
belle2.jp/discover
facebook.com/belle2collab/p...

& =FEH SR

-
-

|
::J

Belle Il Collaboration
#EER#: Robert Seddon [2]- 68148 - @

The big eye of the Aerogel Ring Imaging CHerenkov detector (ARICH),
which will be located in the forward endcap of the Belle Il detector, has
been completed! All 420 of the novel pixelated photo-sensors known as
HAPDs (Hybrid Avalanche Photo-Detectors) have been installed
together with the corresponding read-out electronics. This is a major
milestone for this innovative detector system. What remains to be done
is the cabling of signal and supply lines on the rear side of the detector.
Once this is accomplished, the cover lid will be placed over the aerogel
layer and mounted on the #Belle2 structure. We are looking forward to
seeing Cherenkov rings!

BRERD

N 3067ANEU—FLELE

Dweal  QDaxvrds @ vzree S~

T g v Lt B = |
o . BB aemas - 0
prx » { ) 8 | .
} 9 . | aY / )
s W

" & leeUs @BelleZcoIIab]

Also public HP: belle2.jp

Thank you !


http://belle2.jp

Backup Slides
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Systematic Tables at Belle

TABLE IV. Overview of relative systematic uncertainties in TABLE I. Summary of the systematic uncertainties on R(D")
percent. The last column gives the correlation between R(D) and for electron and muon modes combined and separated. The
R(D"). uncertainties are relative and are given in percent.
R(D)[%] R(D*)[%] Correlation R(D*) (%)
(4

D(‘(‘))fy Shapcs 4.2 1.5 0.04 ) K .
D** composition 13 3.0 —0.63 Sources E=e p Pt =e =y
Fake D yield 05 03 0.13 MC size for each PDF shape 2.2 25 39
b ane 0 -t ~ 000 PDF shape of the normalization +1.1 +2.1 +28
D, yield 0.1 0.1 —085 ot shap 00 ~0.0 ~0.0
Rest yield 0.1 0.0 —0.70 in cos Op-p-¢ o vor aan
Efficiency ratio f2 2.5 0.7 —0.98 PDF shape of B — D**¢v, 17 T13 233
Efficiency ratio f°’ 1.8 0.4 0.86 PDF shape and yields of 1.4 1.6 1.6
Efficiency ratio f5; 1.3 2.5 —0.99 fake D*)
Efficiency ratio 2 0.7 1.1 0.94 PDF shape and yields of 1.1 1.2 1.1
CF double ratio g* 22 2.0 —1.00 B — XD’
CF double ratio g° 1.7 1.0 —1.00 Reconstruction efficiency 1.2 1.5 1.9
Efficiency ratio f, 0.0 0.0 0.84 ratio €,0rm /esig
M miss Shape 0.6 L0 0.00 Modeling of semileptonic decay 0.2 0.2 0.3
Om Shape o2 g o B(e~ = ¢ bv,) 0.2 02 02

pton cmoiciency . . . : : +3.4 +4.1 +5.9
Total 71 52 _032 Total systematic uncertainty 35 737 °58

TABLEIL The systematic uncertainties in R(D*) and P,(D*), where the values for R(D*) are relative errors. The
group “common sources” identifies the common systematic uncertainty sources in the signal and the normalization
modes, which cancel to a good extent in the ratio of these samples. The reason for the incomplete cancellation is
described in the text.

Source R(D*) P.(D*)

Hadronic B composition p T
MC statistics for PDF shape M A i
Fake D* 3.4% 0.018
B— D"t b 2.4% 0.048
B - D"t D, 1.1% 0.001
B- D¢ 1, 2.3% 0.007
7 daughter and #~ efficiency 1.9% 0.019
MC statistics for efficiency estimation 1.0% 0.019
B(t™ = a7 v, pv;) 0.3% 0.002
P.(D*) correction function 0.0% 0.010
Common sources

Tagging efficiency cormrection 1.6% 0.018
D* reconstruction 1.4% 0.006
Branching fractions of the D meson 0.8% 0.007
Number of BB and B(Y(4S) — B*B~ or B°BY) 0.5% 0.006

+10.4% +0.21

Total systematic uncertainty T04% ~0.16




B, (mm)
B," (mm)

¢, (nm)

g, (pm), coupling

=

o, (um)

Ibeam (A)

I\lbunches

Luminosity
(1034 cm-2 s-1)

KEKB

LER /HER

1200 / 1200
5.9/5.9
18 / 24

1498 / 1598

0.129 /0.090

0.94 /0.94

1.64/1.19
1584

2.1

Parameter

Phase 1

/

/
2.0/4.6

~10/ -

1.01/0.87
1576

Phase 2 4x8

128 / 100
2.16 /2.4

2.1/4.6

29.4 / 64.4, 1.4%
(105 / 230, 5.0%)

0.0484 / 0.0500
(0.0257 / 0.0265)

0.25/0.39
(0.48 / 0.74)

1.0/0.8
1576

2 (1)

Phase 3

32 /25
0.27 /0.30

3.2/4.6

8.64 /12.9
(0.27% / 0.28%)

0.088/0.081

0.048/0.062

3.6/2.6
2500

30
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Phase | Commissioning

Feb. - June 2016

Phase 1 mllestones (in 2016) . MER | LER
e Feb. 1: BT tuning started v A j 570 ; 070
e Feb. 8: LER injection tuning started . Max. current [mA] N e
e Feb. 10: beam storage in LER Integrated current [Ah] | 660 :i...r80
e Feb. 22: HER injection tuning started ___Avg. pressure [Pa] "2“07 _____ ~1 x 10
e Feb. 26: beam storage in HER Lifetime [min.] ~400  ~70
Peak Luminosity 000[/nb/sec] @03/01 11:00
Integrated Luminosity 00[/pb] 2/1/2016 0:00 - 7/1/201600015T
F T T [ o T T s G I T M
0.8:—HER red: beam currentg | :g@urple vaguum pressw;{ Y [ ki ~—800 | -107°
0.6 - }r I'l ' . - g st ’ - E:
~ : ‘{?600 S 106
< | ©. —400 | @ ,
= N TN~ 5 (1)
§ 0. 200 g 8
= o T 10
O ?: e 400 Y |05
g 0.8E e . §
5 0.6 :— ey e ::._,.';- E i 10-6
© 4:_ i '- -'i-'.-.:: 200 2
i 14E B & 107
0.2 AL 100 | 2
0.@ .l 0_01 -10-8
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DR — Phase |l

Commissioning of the Positron Dumping Ring (DR)

* First turn on Feb. 8

»  Successful storage on Mar. 9

Commissioning of the Main Rings (MR)
* HER storage on Mar.20
* LER storage on Mar.31

Preparation for collision started in April
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Belle || Expected Performance
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