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PARTICLE PHYSICS

Quark quartet opens
fresh vista on matter

First particle containing four quarksis confirmed.

Events / 0.02 GeV/c?
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Tetraquark!?

Zwei Experimente finden Hinweise auf ein neues Teilchen aus vier Quarks

arXiv:1304.0121v2 [hep-ex]

—4-data
— Fit
— Background

===: PHSP MC
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Mdgliche neue Materieform: Physiker entdecken mysteridses Teilchen

Von Holger Dambeck

Tetraquark

Machtiger Neuzugang im Teilchenzoo

20.06.2013 - Ein geladenes Teilchen, das bei Beschleuniger-Experimenten in China und
Japan aufgespiirt wurde, ist viermal so schwer wie ein Proton. Woméglich besteht der Exot

aus vier Quarks. Das wire fiir die Physiker eine kleine Sensation.

Von MANFRED LINDINGER
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Belle at KEKB

>Data taking: 1999-2010
= 3.5 GeV e* on 8 GeV e A T

—KEKB  ——PEP-I peay  Y(5S) 121!
P L, Y(4S): 711 fb!
GELLE

= World record: L=2.1x103% cm=2s! ST

800 4

Off reson./scan:
~100 b

= Total integrated luminosity ~1abt: = — ¥ sson

’
> ~800x10° BB pairs at Y(1/2/3/4/5S) _ //ﬁ/ e
= ~ 10° pp/tt/cc pairs each I A | Oif aomance:

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1

: >4OO phyS|cs publlcatlons
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Belle analysis: Idea to measure BF B » K 11

>Anomalous large CPV =
In semileptonic B-decays | :.,m,
(DO: 3.90 from SM) ‘Hm.
>Possible explanation: oz rwcaywin. N
Large BF B —» Xt oo,
001l DOAG95%CL.
>|n contact with A. Lenz posom!
-0.04 -0.02 0 0&02
>Experimentally almost

unconstraint (UL~10-3), T
SM prediction ~107 (K t 1) g %/ﬁ‘

d

=>Full reconstruction with hadronic tag
(... ~0.3%)

Btag
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Belle analysis: Studies of QCD vacuum structure

in ete- annihilation

>Measure 2-hadron final states h
= Longitudinal jet handedness
o Nr — Nt N
NL +NR A vacuum

= Longitudinal jet handedness correlation

_ Nrr+ Ngr — Ngr — Nip
Nir+ Nrr, + Nrr + N,

(H=0, C!'=0)

- Applied for DFG grant

— W = A

0-vacuum
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Belle analysis: A,

>y-Z Interference:
A (sin’B )=-0.6% at Belle

>Reach »A_~10* at Belle
(10> at Belle I1)

>|n contact with J.Erler and
PRISMA (Mainz)

>Need unskimmed data
>Biggest remaining issue:

= Track trigger systematics
- Input for Belle Il

renormalization scheme : MSbar (preliminary)
— 0.250 [ e e
fan) - — Erler and Ramsey-Musolf 2005 -
- [ — LEP+SLAC combined ]
c |- — E158/Moeller —
7) 0245 F —NUTEV 7

- —APV
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b

0.235

L &(u-1D)=0.9, accept.=0.9
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[ [ Belle 2 (50 ab™), stat. err. only

0.225

10° 102 10" 1 10 10* 10® 10*
Q [GeV]

«10° @Vius) ( )

:g 40 __I two tlrack, PID, pm:>3.SGeV‘ mMI>0.9\f§ I__

- C B uny)

g 30F

% i

i C

20

10 F

-1.0 -0.5 0.0 0.5 1.0
cos(8;™)

Torben Ferber | Belle and Belle Il | Page 7



Belle: Computing

>Done

= Copying all available and reproduced mDST from KEK to DESY
completed (12k physic runs, 205k files, 127TB)

= Tested NFS 4.1 mount of dCache storage on Belle WGSs

2013-10-09 11:27:21 2013-10-09 11:27:21
foa) - RS k = u TN T o=
£ 120} : g sk
L 100F 3 o -
e C ] — 6
L 80f g S i
Y = ! ! ! ! ‘ ! ! - B ! 1 1 : ; !
8 60 :— SEfl-lll _______all%mﬂst__:h_pr_onc:tiDn___:L ------ —: 5 4 [ SEfu" _fl_l_l;-_!?_!ﬂ%t ___9[9@'_-_?_@!?9!1____E____
S of "~ - ; |
o [ =] L
Q " ] g 2
s 20F B = [
2013 2013 2013 2013 2013 2013 2013 2013
02.03. 02.05. 02.07. 31.08. 02.03. 02.05. 02.07. 31.08.
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Belle: Computing

>Doing now:

= Copying MC to DESY (muon pair (all), tau pair (all),
off-resonance u/d/s/c) (~50TB)

= Copying selected skims to DESY (for fragmentation studies)

>Next steps:

= NFS 4.1 mount of dCache storage on NAF 2.0 batch queue
nodes

= Open NAF2.0 for national Belle and Belle Il communities
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Belle Il at SuperKEKB

70(
§ 60; Plan to reach 50 ab™ by 2023
P = = = = == SuperKEKB
R Vad + Luminosity 50xKEKB
/9/;; o (using nano be_am sche_me)
S S /" 20daysimont - Less asymmetric energies
SXUH Commissioning - Larger crossing angle
s - Higher backgrounds
A 7
* 2?)-12 2014 2016 2018 2020 2022

K, and muon detector:
Resistive Plate Counter (barrel outer layers)

B intillator + WLSF + MPPC (end-caps, inner 2 barrel layers) ]
== — Belle Il

{ggfﬁcnibv;gy;gf; o + DEPFET pixel vertex detector
Pure Csl + waveform sam nd-ce ] + N eW P I D
It(i:g:i’:unter (barrel) J + NeW ECL+WFD
B e i v + Scintillator KLM

electrons (7GeV)

Beryllium beam pipe
2.4 cm diameter %

Pessible new collaborators:
positrons (4GeV) Italian groups from SuperB wl
decided this summer. Some
Canadian groups already joined.

Vertex Detector
2 layers DEPFET + 4 layer

Central Drift Chamber
He(50%):C2Hs(50%), small cells,
long lever arm, fast electronics
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Belle

II: Collaboration
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Belle Il: PXD/SVD workshop at DESY

>80+ participants

Belle Il Vertex Detector

21.-23. October 2013
DESY, Hamburg

L DAQ

ESsvD
PXD

£ Misc.

L AUSTRIA
ECZECH REPUBLIC
GERMANY
HITALY
JAPAN
S POLAND
SPAIN
UKRAINE

Torben Ferber | Belle and Belle Il | Page 13



>Beampipe

= Water-heated, paraffin cooling

Belle 1I: Thermal Mock Up

=>PXD support

= Electrically-heated

>Cold volume w. N, flow
>Vac.-isolated CO, lines

>Manifold

~Foame-isolated CO, pipes

=CO, cooling unit

Torben Ferber | Belle and Belle Il | Page 14
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Belle 1I: Thermal Mock Up

>Validate VXD cooling

A P (on each SCB) [bar]

= Transfer pipe design from
manifold —» detector

= Dry air/N, flow in cold volume

= Overall cooling concept
= Semi-analytical calculations

— 100+ 3W

0 0.5 1 1.5 2 25 3 3.5 4

Average massflow [gfs]

Belle 2 thermal mockup @ DESY
raw IR (T__ =231.15K)

50 100 150 200 250
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Belle II: VXD CO2 cooling

~MARCO commissioned at CERN, ' #2 _l."/
now in detector lab at DESY N4 _

= MARCO moves to testbeam area TB24
in November

A — XFEL-Cooler (1.2kW) now in
detector lab at DESY

= Continue thermal studies during TB
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Belle I1I: Installation Mock Up

=>VXD groups prefer “alternative installation
method” independently from QCS magnets

= No VXD removal needed if bellows or QCS fail

= Lower stress and higher sensibility during installation

>University of Hamburg
joined DEPFET collaboration

o : // )
‘ . Torben Ferber | Belle and Belle Il | Page 17
©MPI Munich



Belle II: Remote Vacuum Connection (RVC)

>Both VXD installation
procedures count on RVC at
least on backward side

>DESY proposal/design
» >Tests requested by KEK:

= Mechanical repeatability test passed
= Vacuum test passed (helicoflex seals)
= Rubber seals radiation test ongoing

=>Risk analysis until mid of
November
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Belle II: Computing

=>Two large MC campaigns (GRID)

= March 2013: event generation, detector simulation
240k jobs, 60M events, 160TB (raw+mDST)

= August 2013: background simulation, reconstruction
700k jobs, 560M events, 8.5TB (mDST)

>Reqgular software shifts

45 Days from 2013-07-23 to 2013-09-06

LCG.KEK2 jp

Running jobs by FinalMajorStatus
33 Weeks from Week 04 of 2013 to Week 38 of 2013

First_ Second
Campaign Campaign

\

EDENDDO0ONEDEE
%2R0RARRERERAR

. 1w} Output data
' upload recovery

=
A
2

000000

OSG.PNNL.us

b . wGkisT
. G.CESNET.cz G.EMLIE
FNAL us
Mar 2013 Spr 2013 un 2013 ul 2013 Sep 2013 : 1
Max: 3,413, Average: 461, Current: 0.16 [CH EP 2013]
B Done 741% @ Completea  140% MW falled L.7% B FRestneduied 0.2%
Torben Ferber | Belle and Belle Il | Page 19



Belle II: Background studies

=Synchrotron radiation (SR) ¢ ;

background simulation
at DESY using:

= 3D magnetic field
= Beam misalignment (£ 0.5mm)
* 100 beam halo (using Belle values)

=>PXD occupancy:

= 0.9% (non SR)
= 0.5% (SR HER)
= 0.2% (SR LER)

=>Direct impact on IR design

Z vertex of SR photons that hit the central beam pipe e
a — sler_1427 - 2D field Enties 53833
: Mean 119.5
— sler_1682 - 3D field RMS 58.09

= sler_1682 - 3D - Be part

50 100 150 200 250
Zcm

Z of SR photons in the central beam pipe

h1z1

1ot ® Misalignment along X axis +0.5mm Entries 39936
® ldeal alipnment Mean -6.073
- = RMS 2.562
10° =
E = Be part of beam pipe

= Ti part of beam pipe

U=

=2 U
out
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Belle 1I: Combined testbeam

=>Full system test of PXD and SVD detectors
07.01.-31.01.2014 at DESY TB 24/1

= Latest hardware in magnetic field

= Full readout chain and DAQ

= High level triggers and ROI finding for PXD
= MARCO CO, cooling

= Tracking and alignment using Belle Il software (basf2)
= Common slow control for PXD and SVD (EPICS)

=>System setup since last week at DESY
>More testbeam runs needed 2014 (with PXD9)
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Belle 1I: Combined testbeam

"4
DAQ test setup at DESY
(in cooperation with DESY-IT)

(1) — detector leyer

Network topology for the telescope test experiment BELLE Il

(2) — nodes connected directly to
the detector electronics

3+3 EUDET telescope planes
before and after the VXD inside PCMAG

[ computers
[ control hardware

v connection with the main switch
[ Hardware provided by DESY belle group

HLTin

{Qmixch ®9*

£
:
2
H
8

EUDAQ
telescope

[switch (89 * |
HLT out Mo g § =
&
v e s 3
' | Readout PC 2 MINI NXlogin, IS |2
+ EXPRESS Storage (NFS home space), E 3
Storage RECO 10C Control, DB 2 2
5 &
= |z
| S

loc

VXD Control
1oC,

PXD power supply

[ switch (8¢)
=

o

i /]

Monitoring: access to the screens:

switch (16x)
Beamy §co DAQ || PXD || VXD
monitor coollng Control | |Control | |Control
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Belle lI: Alignment, calibration and tracking

>Alignment and calibration task force lead by
DESY group

~>Milestones: _GBE

= CDC cosmics alignment: May 2015
= VXD cosmics alignment: October 2015 -
=Supporting GBL and Millipede Il
>Two new PhDs in DESY group:
calibration monitoring and track finding

>Alignment software prepared for testbeam

- Alignment and slow control will be tested In
DESY testbeam 2014 o s e



Belle and Belle 1I: Summary

>Belle:

= Three analyses started
= Full Belle data set copied from KEK to DESY

= Testing NFS 4.1 mount for dCache storage,
Belle data available on NAF2.0 soon

>Belle IlI:

= Multiple mock ups: thermal, remote vacuum, installation
= Key role in alignment, calibration and slow control

= Very visible computing contribution to MC campaigns

= Belle Il milestone: Testbeam in January 2014 at DESY
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= First physics run of Belle 2 in 2016



more Information:
https://belle2.desy.de

llell | Page 25



additional information
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Belle Il physics reach compared to LHCDb

Observable /mode Current LHCD Belle I | LHCb upgrade theory
now (2017) (2021) (10 years of now
5t 50ab™!  |running) 50 fb~!
7 Docays
= py (x1079) < 44 < 5.0
T = ey (x1079) <33 < 3.7 (est.)
T — 000 (x10719) <150 =270 ||< 244 @ ///;/( <10 <24"
Bud
BR(B — 7v) (x107%) 1.64 4+ 0.34 0.04 1.1+40.2
BR(B — uv) (x1079) < 1.0 0.03 0.47 4 0.08
BR(B — K™ um) (x107°) < 80 2.0 6.8+ 1.1
BR(B — KTuvw) (x1075) < 160 0.7 1.6 3.6 +0.5
BR(B = X.) (x107%) 3.55£0.26 [ 0.13 0.23 3.15+0.23
Acp(B = Xora7) 0.060 = 0.060 Q@ 0.02 ~ 1076
B — K*ptp~ (events) 250° 8000 | 17Tk 7-10k 100,000 -
BR(B — K*putp~) (x107%) || 1.1540.16 D 0.07 1.19+0.39
B — K*ete™ (events) 165 400 ft"l:'/‘ 7-10k 5,000 -
BR(B — K*ete™) (x107%) 1.09 4+ 0.17 T 0.07 1.19 £ 0.39
Apg(B — K*¢t07) 0.27 £ 0.14° f = 0.03 —0.089 £ 0.020
B — X070 (events) 280 SON 7.000 ;
BR(B — Xti7) (x107%)9 || 3.66 +0.77" '/a 0.10 1.59 +0.11
Sin B — K9n% —0.15+0.20 0 0.03 -0.1to 0.1
Sin B—y/K° 0.59 4 0.07 0.02 +0.015
Sin B — ¢K° 0.56+0.17 | 0.15 0.03 0.03 +0.02
B Decays

BR(B? = v7) (x1079) < 8.7 0.2-0.3 0.4-1.0

S (x107%) 787196 7 /// 5. (est.) 0.02 £ 0.01

D Decays

x (0.63 £+ 0.20% || 0.06% 0.04% 0.02% ~ 1072 F
y (0.75+£0.12)% 0.03% 0.03% 0.01% ~ 1072 (see above).
yop (1.11+0.22)% 0.02% 0.05% 0.01% ~ 1072 (see above).
la/p| (0.91+0.17)% || 8.5% 3.0% 3% ~ 107% (see above).
arg{q/p} (°) —10.24£9.2 4.4 1.4 2.0 ~ 1072 (see above).

arXiv:1109.5028v2
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Belle 1l Vertex Detectors

=2 layers of DEPFET pixel detectors (PXD)
=>4 layers of double-sided silicon strip detectors (SVD)

N N £ T m—
= HRSS =
AN
NN
N
PXD SVD PXD + SVD = VXD
0.21% X /layer 0.55% X /layer
Z vertex resolution two
pixel: 50x55/85um shaping time: 20ns times better than Belle
thickness: 75um hit time resolution: 3ns

Improved K_ efficiency
hit time resolution: 20us (e.g.B - KKK, ..)
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Belle detector performance

Detector Type Configuration Readout Performance
Beam pipe  Beryllium double wall Cylindrical, r =20 mm He gas cooled
0.5/2.5/0.5 (mm) = Be/He/Be
EFC BGO Photodiode readout segmentation: 160 x 2 RMS energy resolution:
32in¢:5in 0 7.3 % at 8 GeV
5.8% at 3.5 GeV
SVD Double-sided Si strip Chip size: 57.5 x 33.5 mm? ¢: 4096k a4, ~80 pm
Strip pitch: 25 (p)/50 (n) pm z: 40.90k
3 layers: 8/10/14 ladders
CDC Small cell drift chamber Anode: 50 layers A: 8.4k Gy = 130 um
Cathode: 3 layers C: 1.8k g, = 200-1400 pm
r=283863cm ap, [P = 0.3%/p2 11
—77<z<160 cm Oag/dy = 0%
ACC Silica aerogel 960 barrel/228 end-cap Npe =6
FM-PMT readout K/m separation: 1.2 <p<3.5 GeV/c
TOF Scintillator 128 ¢ segmentation 128 % 2 a; = 100 ps
r= 120 cm, 3-m long K/m separation: up to 1.2 GeV/¢
TSC 64 ¢ segmentation 64
ECL Csl Barrel: r = 125-162 cm 6624 o /E=13%/\E
(towered structure) End-cap: z= —102 cm and +196 cm 1152 (F) Gpos = 0.5 cm/\/f
960 (B) (E in GeV)
KLM Resistive plate counters 14 layers 0: 16k A= Al =30 mr
(5 cm Fe + 4 cm gap) ¢ 16k for Kp
2 RPCs in each gap ~ 1% hadron fake
Magnet Supercon. Inner radius = 170 cm B=15T

NIMA479 (2002), 117-232
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