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‘m' Violation at Belle el

David Cinabro(Wayne State University)

for the Belle Collaboration

4 gL |
M = e ¥ = ) .
L e kel s o gl e

Belle Il installed at the SuperKEKB interaction point, 11 April
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NV Outline

* Previous results (brief review of published results)
* Lepton number violation in T decays

* Violation of lepton universality in b—s#

« Violation of lepton universality in b—c(t/¢)v
* Present (very brief, no new results)
* Future (most of the talk)

* Status and future for Belle Il

 Some projections on physics reach in Belle |l
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NV Lepton Number Violation

* Y. Miyazaki et al. e e
(Belle Collaboration) e
Phys Lett. B 719
(2013) 346

18 175 1.8
2 2
M . (GeV/c) M (GeV/c)

L (e)T-un'K

AE (GeV)

L HTopK'n

AE (GeV)
=)
N

* Full Belle data sample ¢ i 0 eping@h il opio g

02 - T Ile . 02

 Search for t>¢hh - N

1.75 18 1.7 18 1.7 1.8

opposite single track T
§ 02 F @T-u'nK.
decay 3 S
e BF limits in the (2-8) x
10 range )

1.7 18
M (Gev/c)
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kg Angular Analysis of B>K*# =

T
[ SM from DHMV/LQCD
1 All Modes
W Electron Modes

* S. Wehle et al. (Belle B o vodes

Collaboration) Phys. Rev. a7 oo} T — m .
Lett. 118 (2017) 111801 #ﬁ L

1.0

-1.0

* Full Belle data sample

(127+15 in ee, 185+17 in o TS
M) |
. 1 I SM from DHMV/LQCD
* Agrees well with SM. wf d Avaer
. . [ HH  Muon Modes 1
Largest discrepancy is 2.60 -
. ’ —n i 1 o
InPsuué GeV’< q2<8 GeV? Sl + :JtH ‘
bin, same place as LHCB — iﬁg “
-1.0k ——

il 1
0 5 10 15 20

q° |GeV?/c?]
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Events / ( 0.05 GeV
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o

8.0 02 04 06 08 10 12
Eec [GeV]

* Y. Sato et al. (Belle Collaboration) Phys. Rev. D 94
(2016) 072007

* Full Belle data sample (231123 t, 2800157 ¢)
* R(D*)=0.302+0.030+0.011, 1.60 larger than SM

8.0 02 04 06 08 10 1.2

Eec, [GeV]
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V" 1 Polarization in B=>D"tv

M signal B->D*lv, [ Fake D*and q§

 S. Hirose et al. (Belle 7Jrcross feed M R 2ron 5° -+ Data
Collaboration) arXiv: 5100 :
1612.00529 [hep-ex], o
accepted at PRL %

* Full Belle data sample 5
(298+29 T, 7212496 ¢) -

* Independent measure of
R(D*)= 0.270%0.035'0558
® 02 04 06 08 1

P.(D*)=-0.38+0.51%31% E.., (GeV)




0.35

0.3

0.25

O.%.

B | | 1 1 1 I 1 1 | | | | I 1 1 1 1 I | | 1 1 1 -
_ BaBar, PRL109,101802(2012) Ay? =10 ¢ -
- Belle, PRD92,072014(2015) X = 1.0 contours .
e LHCb, PRL115,111803(2015) = SM Predictions —
_ Belle, arXiv:1612.00529 R(D)=0.299(11) FNAL/MILC (2015)  _
— [ Average R(D*)=0.252(3) S. Fajfer et al. (2012) =
ol _
- Moriond EW 2017}
- | | P(x?) =67.4% ]

[\

0.6
R(D)
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NV Present Work

* Analysis in progress on B—>K# with the existing
full Belle data sample

* We hope to show preliminary results on this
during the summer conference season

* Unlikely to be able to be definitive given the
size of the sample we will have
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Belle Il Detector /O
V4 Belle II

KL and muon detector:

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

<2

EM Calorimeter: —
Csl(Tl), waveform sampling (barre
Pure Csl + waveform samplin .

ication

i

w.' stem (barrel)
»'/'o\ erogel RICH (fwd)

Beryllium beam pipe

=Y
. ~' 3
2cm diameter 2

Vertex Detector //////// .,‘%:. \ .y — _

electrons (7 GeV) —

7

‘.

/\

2 layers DEPFET + 4 laye Sy -

) - \§\§\ / y positrons (4 GeV)

)

Ui

\"/

Central Drift Chamber s
S

He(50%):CoHs(50%), small cells, loRg \
arm, fast electronics §

10



KWﬂ Barrel Particle Identification /S

V Belle II

A GEANT4 event display of a 2 GeV pion and kaon

interacting in a iTOP [imaging Time Of Propagation] quartz bar.

Incoming
track

Uses the IRSX readout
ASIC for fast
waveform sampling
with a large buffer
depth.

11
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K\Sj‘\(lﬂ Vertexing/Inner Tracking QBL,HD
elle

Smaller beampipe;
shorter lever arm for
multiple scattering.

Goes furtheroutinr
(important for K¢
vertexing and low

momentum stand-alone
tracking).

CO, cooling
Beampipe r=10 mm

DEPFET pixels
Layer 1 r=14 mm
Layer 2 r=22 mm
DSSD (double sided silicon detectors) FWD/BWD
Layer 3 r=38 mm
Layer 4 r=80 mm
Layer 5 r=115mm
Layer 6 r=140 mm

3 Custom
readout ASICs

Uses CMS APV25
chip for readout.

12
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SuperKEKB Accelerator
LER (et) HER (e")
Energy 4.0 7.0 GeV

Half crossing angle mrad
Horizontal emittance nm
Emittance ratio %
Beta functions at IP (x/ mm
Beam currents A
Beam-beam parameter

Luminosity cm 251

New e* Damping Ring/ New e* Nano Beam Final Focus \

40x KEKB
13
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70¢

3 Goal of Belle 11/SuperKEKB 0% Belle Sarmple
S0t ~101 B-Meson
40 — Decays

(ab™)

Integrated luminosity
w
o
I

o
TTT

N

o
w
(5]

8

(cm2s)
F S
[

PP P B B B B
2?)17 2018 2019 2020 2021 2022 2023 2024 2025

PR —rtl L. | |

Peak luminosity x

Calendar Year 14
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Belle I

Feb 2016: First Turns at SuperKEKB (4 GeV e+’s and 7 GeV e-s)
#‘x\\“\\y '75‘,:,'1*? 7 ' ”"”’” u-isﬂé” T

‘ l -_-_
e b Iﬂq"mm, l""

June 28, 2016 (LER beam current at 1000 mA HER at 870 mA)

15
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NV So when do we start Belle II ? Belle I

Beast Phase 1:
Feb-June 2016
(Belle Il roll-in, April 11, 2017).

Phase 2 Operation:

Starts in “Nov 2017 [Begin with e damping ring
commissioning;

Main ring (Feb 2018); First collisions; limited physics
without vertex detectors]

Phase 3: Belle Il Physics Running: end of 2018 [vertex
detectors in]




KW%uperKEKB vacuum scrubbing to reduce Z

mmn
LER beam gas backgrounds in Belle 11 ==k

BEAST background in the LER vs
\ time

' | (BEAST is the precursor detector
" focused on measuring beam
backgrounds.)

“Brand new” 3km long beampipe
LER integrated beam dose > 500 A-h |\

Photon dose [photons m™]
1x10"™ 1x10° 1x10%" 1x10% 1x10® 1x10%*

1A st S e Run LER_Fill_1, Rates[5] vs |_LER
[LER] ﬂ22000 T T |/| T / TTT TT T T TT T T TTTT TTTT Run start time
- < c
1%1072 - 1x10™ = § 20000 ’, / . 02-18 05:39
s o . 3 & = / =
Whole ring (incl. wiggler) 2 E 18000 / / [ 02151155
2 -
1x10” I - 1x10 e P 16000: / / .03-0215:12
:T;‘ E 3 B 14000: : / //.04 1915:40
© : 315 12000 / / —
o, 1x10% | - 1x10° g = / 7 .
= 3 S 10000 s .
% S| Arc sections 1x107° D 8000 ‘f / / / -
1x10° | 3 - i/ / / .
3 ' 6000 F 7 % -
L g = ' -
[ 58 4000 ]
1x10° | 10~ o w0k e _ .
L R — / .
E NEG 31 70 33 C—Ig 179 376 : Ll 1l Ll 1l ) Ll 1l Ll 1l Ll 1l ) Ll I:
! conditionin B O™~ 50 100 150 200 250 300 350 400 450 _ 500
1x10” | ] gl + ﬁ 99 | 99* - 1x10 | LER
1x10° 1x10% 1x10" 1x10° 1x10" 1x10° 1x10°
Beam dose [Ah] 243

Preliminary BEAST data shows the LER
backgrounds decreasing as vacuum

scrubbing proceeds. Y



\\y7)/ Preliminary BEAST Highlights

NV

April 2016: Large Touschek background observed
in the LER (extensivelv studied in dedicated runs)

PIN diode&
Radiation E

Rad/sec

dose in

90

85

80

75

70

65

60

95

50

2 ndf 11.91/3
00 107.4 + 2.659
p1 -0.526 £ 0.03479
B rousene™1/ (GyGX

<

‘e
I v
)

lllIIII|IIII|IIIIIIIIIIIIII|IIIIIIIII|IIIIII

I I I I I I I I

| | | L1 11 | | | | | | | L1 | | | | | | | L1 L1
40 50 60 70 80 90 100
Vertical beam size from sizEFIGARBF tnot measured at IP)

-2 Will need excellent collimators to handle nano-beam
backgounds (only a small subset of these available in Phase 1) *

1| I -
110

<O
Belle I




\3z/ Beam Background Group

First Measurements of Beam Backgrounds at SuperKEKB *
L] L]
o P re I I m I n a r B EAS I A. Aloisio”, E Ameli’, A. Beauliew, L. Bosisio%, P. Branchin, T. Browder?, A. Budano/, G. Cautero®, Y.-T. Chen®, K.-N. Chu®,
D. Cinabro®, P. Cristaudod, S. de Jong', R. de Sangro¥, G. Finocchiaro®, J. Flanagan®, Y. Funakoshig, M. Gabriel', R. Giordano",

D. Giuressi®, M. T. Hedges®, N. Honkanen®, H. Ikeda®, T. Ishibashi®, I Jaegle®, H. Kaji®, K. Kanazawa®, C. Kiesling', S. Koirala®,
C. La Licatad, L. Lanceri9, P. M. Lewis?, J.-J. LiauP, F-H. Lin?, J.-C. Lin®, A. Morita#, M. Nakao', H. Nakayama', M. Nayak®,
Y. Ohnishi?, A. Passeril, P. Poffenburger’, M. Ritzert*, M. Roney", A. Rossi®, T. Roder’, R. M. Seddon™, L. S. Seong®, J.-G. ShiuP,
a S e a n a yS e S n O W E Simon', Y. Soloviev®, Y. Suetsugu®, M. Szalay’, S. Terui®, G. Tortone™, S. E. Vahsen?, N. van der Kolk', L. Vitale?,

M.-Z. Wang?, H. Windel', S. Yokoyama®

“Dewsches Elearonen-Synchrorron, Notkesirage 85, 22607 Hamburg, Germany

[
bElerira - Sincrorrone Trieste S.C.pA., ARFA Science Park, 34149 Basovizza, Triesie, Iialy
“Universiy of Florida, Deparimens of Physics, PO. Box 118440, Gaimesville, F1. 32611, USA
’ “University of Hawaii, Depanmens of Physics and Asrronomy, 2505 Correa Road, Honolul, HI 96822, USA

“Heidelberg Universiry, Instinge of Compuser Engineering B6, 26 68159, Mannheim. Germany
/High Energy Acceleraior Research Organization (KEK), Instiuse of Particle and Nuclear Studies, Tsukuba, Japan

: ?High Energy Acceleraior Research Orgamizarion (KEK L Acceleraror Laboratory, Tsukuba, Japan
O C u e n e I n a MNEN - Sez. di Perugia ViaA. Pascoli 06123, Perugia, lialy
I I | YNFN - Sez. ROMA, Ple Aido Mo, 2 00185, Roma, lialy
INEN - Sez, ROMA 3. V. della Vasca Navale, Roma, lraly
Y abrasori Nazionali di Frascasi deil' INFN, Via E Fermi 40, 1-00044, Frascari, laly
'Max-Planck- Instin fr Physi. Fohringer Ring 6, 80805 Mnchen, Germany
®McGill Universiry, Deparimenu of Physics, 3600 rue University, Monwral, OC H3A 2T% Canada
"Univ. of Naples Federico Il & INFN Sezione di Napoli. lialy
“Nara Women's University, Nara 630-8506, Japan
P Nasional Taiwan Universiry, Depanmeny of Physics, No.1 Sec 4 Roosevek Road Taipei 10617, Taiwan
9University of Trieste, Depanmenu of Physics, and INFN, Via Valerio 2. 34127 Trieste. lialy

[}
" University of Viaeria, Deparmment of Physics and Astronomy 3800 Finnerry Rd., Victaria BC, VSP 5C2, Canada
g rO W I n g *Wayne Stase Universiry, Deparment of Physics and Asronomy, 666 W. Hancock, Detroit, MI 45202, USA

* Anumber of new 3 olmmmmamUn LA
techniques developed = s :

e Current focus: ensure % — Touschek
internal consistency, s -
consult with SuperKEKB =
group, extrapolate to ., beamGas § . 3.

OCJ

200 400 600 800 1000 1200 1400 1600 | [A/ Pa* m)
phase 3 Improved model and re-calibrated beam size ﬁasugem nts].

BGs for a wide range of beam currents and beam sizes now

described consistently by a single set of parameters. .
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“Cool” flat beams (LER plot below)

Belle I

—&@— Vertical emittance [pm]

H H | H H H H | H H H H |

".II Optics corrections using SF skew-Q coils |

100 —

(@)
o

@)
-

Optimization of strength of
permanent skew-Q magnets

H
o

Vertical emittance [pm]
™
-

oL ¢ predesnbenndened Target: Spm
3/1/2016 4/1/2016 5/1/2016 6/1/2016 7/1/2016
Time

20
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Belle I
* Anticipate more progress including the global cosmic

ray run in summer 2017 (June-August) with all outer
detector subsystems [KLM,ECL, TOP,CDC]. DAQ stress
tests at 30 kHz.

* |nstallation of RPC readout electronics in July 2017.
* “Dress rehearsal” for Phase 2 running.

 BEAST Phase 1 (PrecursorPaper and refined
predictions for Phase 2 and Phase 3 bkgs.)

* |nstallation of ARICH in Sept 2017 followed by FWD
ECL and BEAST Phase 2 hardware (Nov 2017).

* Release of the Belle Il Physics Book.

21
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DAQ and readout integration

'—Triggfr Belle [l DAQ System

___________________________

FTsSw | :
a y
; —§ PXD readout box
i — (ONSEN)
: i reco
| 5 BATGON—* 4 >der ™)
- ~40 R/O PCs istributor
reco
SVD% L — ] 5 ’rder@
ai R/O D ‘
== L5 [
CcDC 1
i ; —> = ’rder'»@
. T %
Ploi x ; R/IO m N :
Belle2llnk‘r_JEI PC 3 :
i § rder
R/O = ‘
T pc| | ©
=Y &
..... =Rerke - N B
' 'P 1
- R/O H—»
KLM tx EI PC |1
- 1Pocket DAQ

Note the distinction between Pocket DAQ (standalone) and full DAQ with event

building. Requires feature extracted TOP data to reduce the large data volume. ,
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Belle |l Data Production
Schedule 2017

Belle I

Software release-00-09 Summer shutdown Software release-01-00
. /::,S,:ﬁ—,—ii :,:,:7—7_757,:,::7—77?7: —/:7—77"'7‘1:,::,:7?7:::L-7:7?7:: . — Ny -
MC7 ) MC38 MC9 |

raw data rehearsals/
global cosmics

resources

5]
T
Emphasis in 2017: I based on availability of
I
I
|1

raw data

'
AR St . i & Btag- with 2x nominal
MC skimming/analysis (~200 kHS) === okim : BG (~200 kHS)
KHS) (~60 kHS)

MCS3: signal and 1 ab-1 generic MC
(~250 kIHS)

L- s MC9: 4 ab-1 generic MC production with
3 release-00-09 (~520 kHS)

MC7: generic 0.5 ab-1 BEAST2 BG simulation
and signal Phase 2 raw (~180 kHS)

samples data
(~150 kHS) rehearsal

(~120 kHS)

cosmic data/MC processing‘analysis (~30 kHS)
R K
Fop L m mm

240
220
200

N

3
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Belle II: High Speed Networking 1s needed

along with GRID computing
17 / i ) AN e

From March 2016 to March 2019

Recent WAN data challenge between major sites
(KEK, PNNL, DESY, KIT, CNAF, Napoli, Signet) in Nov
2016.

->Results demonstrate that the Belle Il networking
requirements are satisfied.

24
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Belle Il MC campaigns

D>

o

Belle I

In parallel with physics data taking, corresponding MC samples must be
produced - use MC “campaigns” to prepare for future data-MC production

MC production requires a
significant amount of effort
to coordinate between the
physics, software and
computing groups and to
prepare production scripts

Previously managed by the
computing coordinator

As of September 2016,
managed by data
production coordinators

kjobs

25

20

15 +

10 +

Running jobs by Country

. Mar

220 Weeks from Week 52 of 2012 to Week 11 of 2017

MC5 MC8
Aug Feb
MC7
MC4 2015 \ - 2016 \
Nov

MC8016
MC3 201& June \ ]
May 201
MC2 201 i
Aug X A/
MCIZOII

2093 )

=3 —

N 4

Wl |
N AL BN A

Apr 2015

Max: 23.5, Average: 5.50, Current: 10.3

~N
i ATV
Oct 2016

Apr 2013 Oct 2013 Apr 2014 Oct 2014 Oct 2015 Apr 2016

B DE 30.6% @O AT 28% @ AU 11% W ANY 0.0%
|m 203% @ PL 23% MW MX 05% @O MULTIPLE 0.0%
| P 10.7% @ RU 22% W UA 04% @ CH 0.0%
| Us 105% @ Sl 22% @ N 04% MW SG 0.0%
B CA 94% O KR 19% 0O TR 04% ® 0.0%
Bz 30% B TW 13% MW CN 02% @ MR 0.0%

Generated on 2017-03-21 14:09:26 UTC
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@ V" Eighth official MC production campaign (MCS8) MEELE

Normalized CPU usage by Country
31 Days from 2017-02-17 to 2017-03-20

* Production start: Feb. 16, 2017
* Ready for analysis Apr. 19 2017

* Intotal: ~2.1 million jobs,
~20 billion events (~100 TB)

e At maximum:
23.7k concurrent jobs
and > 266 kHS06 (new record!

ol S—— — —
2017-02-19 2017-02-22 2017-02-25 2017-02-28 2017-03-03 2017-03-06 2017-03-09 2017-03-12 2017-03-15 2017-03-18

Prod uc;ion Progress

Max: 266, Min: 2.33, Average: 178, Current: 33.0

31% B MX 11% O TR 0.0%

|z
B CA 19.1% @ TW 29% @ S 09% W ANY 0.0%
B DE 19.1% @ RU 27% @ AU 09% MW CN 0.0%
|m 122% @ AT 18% @ P 0.8%
| Us 43% @ KR 16% @ N 0.7%

Generated on 2017-03-21 14:20:53 UTC

« Higher than expected resource usage
« MC8 will finish much earlier than
expected

 Added a few samples based on
additional resource available (eg. BGx2)

GEvents

W Notassigned  27.3% B Under WMS 54% @ Undecr DDM 8.4% M Completed 59.0%
Generated on 2017-03-21 14.23:21 UTC
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 Why all this stuff on MC?

e Used to generate physics projections for Belle
Il, part of the draft Belle Il Physics Book

e https://confluence.desy.de/display/Bl/
B2TiP+WebHome

* Editors Emi Kou (CNRS/LAL) and Phillip Urquijo
(Melbourne)

* Here only a small fraction of the B2TiP effort

27
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Belle I

Physics Projections
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Current limits
from Belle measures )

Rip O

D
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Belle I

SM Point

Projected Belle
Measure

29
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E —] ::.":omm ICHEP 2016 Preliminary E
045 e -
LHCD -
[ —— World Combination n
04+ SM prediction: PRD92 054410 (2015), PRDBS 094025 (2012) —
0.35F =
0.3E -
0.25F =2 -

"~ 1gcontours
o 2 -l L1 l Ll 1L 1 I Ll 1l 1 l Ll 1 1 I Ll 1l 1 I LA 1 1 I L Ll I Ll l_

’ 025 03 035 04 045 05 05 06

R(D)

P(D")

D

o

Belle I

vvvvvvvvvvvvvvvvvvv

" Baiie Il Prejection
| Belle Combinafion
= . SM prediction: PRDSS 006025 (2012), PRDET 034028 (2013)
L ————— Sealar -]
- Vector J» PRDET 034028 (2013)

e | GO

Belle Il should deliver definitive results on
both b—s# and B->D"(t/é)v
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NV Conclusion

* Existing Belle results on Lepton Number
Violation and Lepton Flavor Universality
Violation in B decays

* Belle Il physics running to start in about a year.
50 x increase over the Belle data set

 The collaboration is ready to do physics

* Project definitive results on Lepton Number
Violation in t decays, b—s#, and B->D"(t/¢)v



