Belle & Belle Il activities at DESY

Gevorg Karyan
on behalf of DESY Belle Il group

DN D

) (W

Belle II

ﬁ HELMHOLTZ
|ASSOCIATION




v Belle at KEKB 7>

> Belle analysis QD

BELLE

v Belle/KEKB upgrade to Belle II/SuperKEKB

e Belle II hardware

> VXD-Test Beam, B-field measurement
e Belle II software D

» Tracking, PYTHIA8 tuning @

e Belle II computing

» collaborative tools, GRID resources
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D Belle data analysis

=l B — K' 1l (1=¢, p)

v Flavor-Changing Neutral Current (FCNC) process b —sltl
forbidden at lowest order in the Standard Model (SM)

v highly suppressed at higher orders (GIM mechanism)

v sensitive probe in the search of New Physics (NP)
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Belle data analysis

=l B — K' 1l (1=¢, p)

v full angular decay distribution

1 d‘r 9 [3 . 2 9 1 . 2
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v suppress form-factor uncertainities

Sika578
VFL(1-Fp)
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v extract P’ via ML fit



@ LHCDb vs. Belle

e B — K 1l (1=, p)

[ Belle preliminary =1 DHMV
1.0 F 4+ LHCb 2013 ]
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v only muon mode

v P’ : local deviation with respect to the SM .%
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Belle data analysis

=l B — K' 1l (1=e, p)

1-5 LI L L L L e T ' T T T T I T T T T
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q* [GeV?/c?]
v first lepton flavor dependent angular analysis

v P’ (4GeV?c?< q?> < 8 GeV?c?): muon mode ~ 2.60 discrapancy

with SM
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Belle data analysis
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v probe for lepton flavour universality (NP)
_ pH
Qi = P} — Pf

v some hint towards lepton flavour universality violation?

v need more data for conclusive answer
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[ SM from DHMV/LQCD | ]
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q* [GeV?/c?]
v first leptoni flavor dependent angular analysis
v P’ (4GeV?c*< q®> < 8GeV?c?): muon mode ~ 2.60 from SM

v some hint towards lepton flavour universality violation?

v need more data for conclusive answer
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From KEKB to SuperKEKB

Belle Il

/ ! __ New IR
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Beam current /
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reduction factors
y Gy Ibeamgy RL _(crossing angle,
L - 1 =+ I ¥ hourglass effect) . .
2er,\ o, B, R v world record for peak luminosity X40
¥
| v world’s smallest vertical beta function

Vertical beta function at IP
Beam aspect ratio at IP
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Goal of Belle Il/SuperKEKB
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From Belle to Belle Il

D
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b
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2 layers DEPFET + 4 layers'D

positron (4GeV)
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He(50%):C2He(50%), Small ce
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Si vix. det.
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v 50 times more integrated luminosity

v 1mproved particle ID, tracking, vertex resolution
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VerteX Detector (VXD)

v four layers DSSD at r= 38, 80, 104, 124 mm
v material budget ~ 4 X 0.55% X,

v 8M pixels
v/ two layers at r= 14, 22

v spatial resolution ~ 15 pm

v material budget ~ 2 X 0.1% X,

Gevorg Karyan | 83 PRC meeting | 21 March 2017 | Page 15 DESY
o



Thermal tests

Cooling of the SVD

Origami cooling e

Combined Support Cooling Block (SCB), with
CO, and N2 channels integrated.

v VXD power consumption ~1kW ,6 PXD(360 W),SVD(700W)
v VXD needs to be thermally isolated againts CDC and beam pipe

v in total 12 cooling circuits : 4 PXD, 4 endrings, 4 origami

cooling pipes
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Vacuum isolated flex lines

v 12 CO, vacuum isolated flex lines were produced at DESY

v installed at KEK on December 2016

Gevorg Karyan | 83 PRC meeting | 21 March 2017 | Page 17




(D Test Beam Set Up
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VXD-Test Beam (DESY Feb. 2017)

v’ plastlc sc1nt11ator with Si photomultiplier readout

! ) 1% W 3 T : T
v radlatlon hard Sl pixel detectors I : . -
1 e — 1 :

v performance test of detector conflguratlon

- T il s TR

v to characterize beam-induced background nhear the IP S
L -
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VXD-Test Beam (DESY Feb. 2017)

PXD:H1012
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Selection

o VXDTF2 Online R, O, |

egion ~ f nterest
Belle I

Variable (split) ROl sizes
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VXD Track Finder

U residuals = intercept - digit, for sensor 1_1_2 V'vs U residuals = intercept - digil, for sensor 2_1_2
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-2~

v magnetic field scans G
v energy scan at 1T magnetic field
v angular scan at 1T and 2.4 GeV
v trigger rate tests

v temperature scans
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B-field measurement

field measurement

Solenoidal

1.004

! 1.003
800 -
1.002
41.001
600 N
v understand field E 1999
better than 0.1% - |
o 400 . 0.999
v reasonable agreement 0.998
between data and
simulation 200 | 0.997
v data can be used 0.996
for the further tune
f th imulation 0 . . . L - 0.995
of the simulatio -1500 -1000 =500 0 500 1000
Z, mm
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B-field measurement

Instrumented regions for 2rd campaign in 2017

1.6
I ,'-: i z ]
svD PXD{2 layers) I 1. . ., T
50 % % 570 g 8 . gE 1.55 :_r I 15
" T X e .,:: v i daithi
e .- B S cbc i
= IP Chamber . '-:I--.. ——
_50 = e e : - CSR
50 _1,{ B DNl 'I_j__ 145 m-l.—'\.:[l . D : Q
= ’ 1
J \ P v
100 | \ . '
il *
S 1.4 .’ .
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‘.' Installation test on QCSR Feb 2017

VXD mapper: S.Bacher, Cracow

——

v Belle II QCS fringe fields ~ 100 larger than in Belle case
v heed to understand combined field of solenoid and QCS magnets
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Tracking

From hits to the tracks

o8y Drift chamber CDC Slllcon VXD
WON npacking of hits

From hits, R

clusters,
to tracks R

=
il T Clusterisation
Vs All hits Background rejection Axial hits
Cellular automaton Axial Hough xy finding
Segmentation segments Axial tracks : VXD
Al segment5¢ Stereo ¢Axial tracks : track
segments :

Cellular automaton Hough sz finding
Segment linking Segment track combine

3D Track Merging 3D Tracks :
Clean up :

Kalman / DAF fit | (" VXD-CDC Merging .o

GENFIT2 Refit GENFIT2 1_‘ j

v cosmic ray test underway at KEK
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PYTHIAS tuning for Belle I

KKMC q QED FSR

PYTHIA 8
PHOTOS
Belle MC — Belle II MC
v EvtGen — KKMC
v PYTHIA6 — PYTHIAS
O.Dﬂ_ u_cﬁ_
I MC (ud
e b n+( ®) Belle il
[ Belle2 [
0.04: D.CH-:
0.02- 0.027
[ [ yes KKMC QED ISR. yes PYTHIA QED FS.R
0 e 0 e KKMC [ e 020757 | PYTHIA8 |yoq pyrhiaaco rsr| EVEGen [F2 008 SEDFSE
P, [GeV/c] P, [GeV/c] no interference >

L

0.08 [

v no one-to-one correspondence
between PYTHIA6 and PYTHIAS8
parameters

0.06
0.04

0.02 L

T v/ recover PYTHIA8 based MC parameter
list

v/ examine new parameters
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PYTHIAS tuning for Belle I

KKMC q QED FSR
Sensitivity checks rvmns
PHOTOS
v reference sample
v modified sample
| Normalized Residuals | Normalized Residuals
............... LA, heemesedadescananan
_______________________ QED FS
I:‘:—li“':; ' ' p;i’[:w u [Normalized Residuals [Nomalzed Residuals

| Normalized Residuals | Normalized Residuals

P [Geic] ps (Gevie] [

v parameter list for the tuning |




PYTHIAS tuning for Belle I

Simultaneous fit of 14 parameters

v/ parameter list v/ particle list v kinematic variables
StringFlav:etaSup + - 0
StringFlav:etaPrimeSup JU P JU 3 JU 4 2 Pt
StringFragmentation:stopMass + - LI L
StringZ:aLund += K* K ,A e==multiplicities
StringZ:bLund 4 e thrHSt R
StringZ:rFactC Tl’n ’Y’P ? 2

. - 0 *
Str!ngFT.slgma | D , Dﬂ
StringPT:enhancedFraction

StringPT:enhancedWidth
StringFlav:probStoUD v ~1500 generated samples

StringZ:aExtraSQuark .
v ~40TB disk space

StringZ:aExtraDiquark
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PYTHIAS tuning for Belle I

-------------------------------------------------------------------- v tuning procedure validatio
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bLund ... 0.4
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- o @ oo 0
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= enhancedWidth . . I 0.2
"o : : ¢ ¥ robstouD @) @ @ 26
multiplicity P L 04
aExtraSQuark
2 M aExtraDiquark -0.6
5 =
105 |- U S mesonUDvector . . . o8

mesonSvector
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Computing

LCG.DESY.de

23]

MHS06 days
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Max: 8.50, Min: 0.03, Average: 4.43, Current: 8.50

B DIRAC.UVic.ca 17 W LCG.KEKZjp 0.3 W DIRAC.MIPT.ru 01
B LCG.DESY.de 0.8 [ LCG.EMLjp 0.3 M LCG.Frascati.it 0.1
B LCG.KIT.de 0.7 M LCG.CNAF.it 0.2 M DIRACITG.in 01
O LCG.Mapoliit 0.6 M LCG HEPHY.at 0.2 M LCG.CYFRONET pl 0.1
B LCG KEK jp 0.6 [@ DIRAC.PNNL2. us 0.2 W DIRAC.CINVESTAV.mx 0.1
B DIRAC.PNNL us 05 M DIRAC.BINP.ru n 1 O DIRAC.UAS.mx n.u
B LCG.Pisa.it 0.4 O LCG.RISTLEr B DIRAC Nagoya. jp

B DIRAC RCNP jp 0.4 @O LCG.NTU.tw . i
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Computing @DESY

Belle II Monte Carlo campaigns

v second contributor (~10%)
v at DESY 10% of resources used for VO 'belle'’

Grid services for Belle II
v replicating some KEK Grid services(VOMS,CVMFS stratum-1)

Belle II collaborative services:

v migration from KEK to the DESY is finished

v 75% of Belle II members have DESY credentials to
access collaborative services at DESY

v Belle II Membership Management System(B2MMS) 1s

being worked on
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D Computing

@ DESY, Il infirastructure services and tools
Bellel [for Belle Il Codlaboerative Services (B2CS).

v DESY user registry - User registration

v Dcontent Mgmt System - Belle II Website (www.belle2.0rq)

v Confluence - Wikl (confluence.desy.de)

v JIRA - Issue tracking (agira.desy.de)

v Stash - Code repositories and browsing (stash.desy.de)

v Simpa - Mailing 1list services (lists.belleZ.o0rq)

v Indico - Meeting organization (indico.belle2.0rq)

v Invenio - Document management (docs.belle?.0rq)

v Logbook - Electronic logbook (elog.belle2.0rq)

v Buildbot - On a set of VMs (b2-master.belle2.0rq)
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Efforts & achievements

v first lepton flavor dependent angular analysis is published

v 12 CO, vacuum isolated flex lines were produced at DESY
and installed at KEK on December 2016

v VXD beam test (February 2017)

v preparation for combined field measurements (April 2017)

v cosmic ray tests for tracking is underway
v PYTHIA8 tuning procedure is validated (February 2017)

v migration of collaboration services from KEK to DESY

is finished
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Efforts & ach

etaSup

etaPrimeSup

o0 . etaSup
. . etaPrimeSup

stopMass
alund
bLund
rFactC
sigma

enhancedFraction

alund
bLund

enhancedFraction
enhancedWidth

] . probStoUD

rFactC
sigma

aExtraSQuark

ievements

aExtraDiquark

. . . mesonUDvector

mesonSvecior

enhancedWidth
probStoUD
aExtraSQuark

aExtraDiquark

mesonUDvector

mesonSvector

[ SM from DHMV/LQCD
1 All Modes
9 Electron Modes
##  Muon Modes
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N

| & . ] =3 SMfrom DHMV ]
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