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B-factories is a success story INEN
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Measurement of CKM matrix elements

Observation of direct CP violation in B decays
Measurement of rare decay modes

Forward Backward asymmetries to search for New Physics
Observation of D mixing

Search for rare t decays
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o> Introduction: SM end beyond mgﬁ
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discovered at LHC,
another piece of the SM
puzzle
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...but the SM is not the end of the story:
1) About ten orders of magnitude difference between the
matter-antimatter asymmetry in universe and CP violation content of

A
the SM Energy (ATLAS, CMS)
1) What is the nature of dark matter?

2) and, the list goes on....

Three different ways of probing New Physics beyond the S
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A Flavour Factory in the LHC Era INEN
> A flavor factory (FF) studies processes (hat- ...

g%mz occur at one-loop level in the SM but may be
qag of O(1) in NP: FCNC, neutral meson mixing, CP
a violation. These loops probe energy scales

= 10 that cannot be directly accessed at the LHC.

R= » If LHC finds NP, precision flavor physics is

fé I compulsory to exploit its nature.

o \ Tevaron | » If LHC finds no NP, high statistics B/D/t decays
o x .

Z o e would be a unique way to search for the

2

L (gf,,/g)z O(1 TeV) (MFV) - O(100 TeV) (enhanced flavor
NP flavor-violating coupling violating couplings) scale physics.

A (super) flavor factory searches for NP by phases, CP asymmetries, inclusive
decay processes, rare leptonic decays, absolute branching fractions. There is a
wide range of observables with which to confront theory.

So wide researches area is possible because of clean event environment and well
defined initial state in the e+e- experiments as well as high luminosity and

general purpose detector
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B Belle2: what’s special?

N2 Thanks to its clean e*e” environment:

» Low background, high trigger efficiency, excellent photon & nt° reconstr

capability, high flavor-tagging efficiency with low dilution factor

» Good kinematic resolution = Dalitz-plot analyses are straightforward.

Absolute branching fraction can be measured

> ldeal for measuring decay channels with large missing energy
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Power of e*e": full reconstruction method ey
Belle I

Fully reconstruct one of the B meson to
- Tag B flavour/charge
- Determine B momentum
- Exclude decay products of one B from further analysis

Decays of interest
B->X, v,

________ <::| Bo>Kvv
B->Dtv, tv

(8GeV)_§ f — e+(3 5GeV) B> vy

ull reconstruction
.<' <:’|TB—)D1t etc. (0.1~0.3%)

Powerful tool for channels with neutrinos in the final state
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@] \What is needed to achieve those results? ;e
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50x more data = superKEKB

Peak Luminosity Trends (e*e” collider) SuperKEKB
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New superconducting

/permanent final focusing

e’ 4GeV +36A quads near the IP
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Add / modify RF systems
for higher beam current

-

Replace short dipoles
with longer ones (LER)

HA I wonenanee
positrons to inject

Redesign the lattices of HER & Damping ring ’ —~——

L I A )

_— New positron target /
LER to squeeze the emittance u ‘ capture section
TiN-coated beam pipe Low emittance gun
with antechambers Low emittance

electrons to inject

[NEG Pump)

der,\ ot) B |R,
To obtain x40 higher luminosity

23/05/2013 C. CecchfARGET L = 8x10%5 cm2 518

|$R Chanmael]



gy » ¥ New Al LER beam . B ieag L J e )
QD pipe with TiN coating =% AT — 7 LSRN -
JBel/e I[J Arc beam pipe % ¥ ¥ 2= A\ All 100, 4m dipole
48 section completed  gu g SRl L . magnets installed in the
el — - ‘; e 34 NS LER

Damping ring: tunnel
| construction finished
spring 2013.

| Fabrication of

= accelerator

£ components ongoing.
— Installation starts
2014.

DR commissioning
starts 2015
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/S Need new detector: background -

Exphic 2 E
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Belle H BELLE TralD D Detver 1 MogiD 21 BField 1.50 Dspver 7.50
Piot(ch) 0.0 Etot{gm) GOSVI-M 0CDC-M 2KLM-M ©

Critical issues at L= 8 x 103°cm=2s-!

» Higher background ( x10-20)

- radiation damage and occupancy

- fake hits and pile-up noise in the EM
» Higher event rate ( x10)

- higher rate trigger, DAQ and computing
» Require special features

- low p u identification < suu efficiency

- hermeticity < v “reconstruction”

10em

kMG 2 Exp 25 Run 1886 Event 1

her £.00 Eler 350 Date 1031120 Time 90922

gD ODetver 1 MaglD 21 BField 1.50 Dspver 7.50
e e tot(ch) 0.0 Elot{gm} 0.0SVD-M 1CDC-M 2 kLM-M ©

Have to employ and develop new
technologies to make such an
apparatus work!
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KL and muon detector: (e
RPC > Resistive Plate Counter (barrel outer
layers)

Scintillator + WLS Fiber + SiPM (end-caps,

2r 2 barrel layers) Y,

'y >
/O Detector: from Belle to Belle2

Belle I

EM Calorimeter:

Csl(TI), waveform sampli \\{-,\\\

N
Pure Csl + waveform \\\\\\\\§\\\\“

N
\bx \\‘ ;‘;"'

tification

electrons (7 GeV) g .._\/j

0 pagation counter (barrel)

e
(Beryllium beam pipe \ ‘_‘H‘ 3 Aerogel RICH (forward)
2 cm diameter ~TWgge
Vertex Detector / - o A ‘
4 DSSD layers > 2 |ayersD ~R _ /
|+ 4 layers DSSD S ' positrons (4 GeV)

Central Drift Chamber s

He(50%):C2He(50%), small cells, long
lever arm, fast electronics :

23/09/2013 C. Cecchi
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Beryllium beam pipe 7 f’ ? ' [S== .-

2 layers DEPFET + 4 Iaye w b m

\.

2cm diameter % //’ _,} \
Vertex Detector (PXD+8 / '
, '

= | Beam Pipe r=10mm
' PXD (2 layers DEPFET)
Layer 1 r=14mm
Layer 2 r=22mm
SVD (4 layers DSSD)

Layer 3 r= 38mm
Layer 4 r= 80mm
Layer 5 r=104mm
23/09/2013 Layer 6 r=135mm




Belle I

PXD: Pixel Detector

‘ Mechanical mockup of the pixel detector I

DEPFET pixel sensor

23/09/2013

C. Cecchi

DEPFET:
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INFN
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DEPFET sensor: veA3good S/N
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/O SVD: Silicon Vertex Detector ,NF/N)

Belle I
Origami chip-on sensor 1

r A low-mass solution for double-sided readout
» Flex fan-out pieces wrapped to the opposite side §
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Improvement in the Impact
Parameter resolution
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Z: CDC: Central Drift Chamber

Belle I

30000 £ T——
- - lupdated on 8/23| ! |
25000 £

20000 |-t
177777 S S — —
10000 ivmm”;mm”m” ............. -
5000 ]

250
days

Wire stringing of small cell part has been completed.
Gas leak check and HV test were done and were OK.
Cosm/02y2R4Bis going on.  C. Cecchi 15 15

Exceeding the expectation



ID: Particle Identification Devices )

Endcap PID: Aerogel RICH (ARICH)

Barrel PID: Time of Propagation Counter (TOP)

Focus mirror
MCP-PMT (sphere, r=7000) 200mm

Backward . Forward W
Quartz radiator 2 cm . .
Focusing mirror
Small expansion block

Hamamatsu MCP-PMT (measure t, x and y) Aerogel radiator

/\
v

5 5% 5555 55 5

Cherenkov ring imaging with
Device uses the internal reflection of Cerenkov ring images
Excellent time resolution ~40 ps

Hamamatsu HAPD
+ new ASIC

Single photon sensitivity in 1.5 T

NEW TEST BEAM result on TOP: IRS3B Timing resolution meets
minimum requirement for Belle Il of 100 ps

Photon Timing PMT32 Ch16
- Entries 7366
180 == Constant 7691 +4.86
160 — Mean 21227 0.0
140 F— Sigma 0.1528 +0.0101
120 0=153 ps
100 F—
80 —
60 —
40 —
20 F—
oE L23/ 0 , \ PP
-130 -120 -110 -100 90 -80

Photon Time [ns]



D
/O
Bel/e IL :

Test Beam setup

RICH with a novel “focusing”

radiator — a two-layer radiator

Employ multiple layers with
different refractive indices >
Cherenkov images from the

|nd2/gjf@9I/a2g13verlap on

the photon detector.

_<§

$ 4

i ”.n.,i:‘f

C

AT ™

ey
nﬂt*#

Hamamatsu HAPD

cchi

v

Endcap PID: Aerogel RICH

| RICH Hit Map, w.r.t. track |

Perugia/)
INFN

rich_2d_1
EibEs SRR /Isti(uto Nazionale

Cherenkov angle

Mean x -0.09929
Meany -0.4329
RMS x 43.24
RMS y

Clear Cherenkov image
observed

64801

dlstrlbutlon
0.07419
vvvv) x* 1 ndt 143.5/28
r 7 | constant 6129 + 39.4
5000 C nTean 0.3067 + 0.0001
: sigma 0.01349 + 0.00007
~ BG const -192.6 £ 20.5
4000~ BG slop 1715+ 69.4
C ]
C # of tracks : 2700
3000 # Photons : 41339.7 +- 227.3
r Photon/track: 15.31 +- 0.08
2000 :_ BG /track :2.00 +- 0.03
10001 run04s8 |
0004 0.2 0.3 04 05 0.6 0.7 0.8 081

6.6 0 n/1I§ at 4GeV/c!
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ECL: Barrel s~

Belle IT Upgrade needed because oh higher rates L/
Barrel - electronics to waveform sampling and fitting T,

Firmware for Belle2Link readout was developed and is being tested.
Firmware to upload ShaperDSP firmware and coefficients under development

PD/Amp | Sum Shaper FADC Collector : /0 Buffer 16 Sample pOintS within the
[ Hfrt | o.susfBed 1 e I ! signal window are fitted to
L JE = |2mn T calculate A and t,

T— . t 0.2us|[h o L . i 1
=1 { : . F(t) = A f(t-t,)

16 Crystal o o - : 3

: ! FPGA :
[ sum || WFA [¢ HEGA Trigger i,
Vu 16ch / Board 12ch / Board : FINNES on COPPER
T aagsen

Bias voltage filters has been
modified for BWD endca

FWD to be done in Feb.-Mar.




D :
</ ECL: Endcap

Belell | Endcap upgrade : CsI(Tl) = pure Csl +
Photopentode (baseline) -
APD-UV (R&D ongoing)

Perugia n

R
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b) From 1 to 8 o A G0 TR resils
Pure Csl TB results
c) From1lto9 3t 1y ;
I ~_ 4 ® ‘ MC
2 i qJ |‘+\
(]
i )", Aﬁ f— :-I\.."\ ‘II j ". ) .\ II 0 - " 1 " 1 L 1 M I !
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00 600 800 1000 1200 1400
a) 672 pure Csl + 480 Csl(TI) 4
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A KLM: K, and muon detector )

INFN
Belle II L_/

RPC - scintillator * WLSF + MPPC (Endcap)
2 layers of Barrel (TBD)

Limited by higher background rate, mainly neutrons.

Exp 3 Run 52 Farrn 2 Event 10267

{EcL)
Eher 8.00 Eler 3.80 Date/TIME Yed Jun 9 21228204 199% Trk E Thata P mateh alid
TralD 1 4018 147 #14 39 4
2 9 158 3107 0 Q
Jd J408 187 288 4 4
4+ 4013 182 3478 0 <
{CDC Chrg Trk) § 4080 180 523 9 ¢
TrkehPtat Thats Phi 8 Q181 280 563 7 ¢
2271 824 7 Q@@ M7 WG 0 Q
2 ZO50 585 153 A 0477 4% W36 C© 4
3 + 1431 884 237, 9 424 512 SIB 6 4
4 0478 833 18, C 0333 833 676 6 0
5 0510 §53 14, 2018 593 1823 2 4
¢ + 048 S5 117 12033 787 3451 D 4
7 + 0484 357 1208 7 221 e L 1 4Q
B - 0J0Z 374 3y A 3, 44 3376 4 0
388 22 2 4
0 34 0 <
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D
<2 Computing resource status

We are now under the 2nd Belle IMC production campaign (uly 22,2013 - sep. 8,2013)

® CPU Bellell normalized CPU LHCb normalized CPU an.2010-)
‘ 35 Weeks from Week 53 of 2012 to Week 35 of 2013 Normalized CPU usage by Site
2 5k Heps PEC '188 Weleks fron'I\ Week ?2 of 20.09 to erek 31 Olf 2013 ]

N — — — — — e A o e e e SRR - 200

20,000 -

~3k HepSPEC

2nd MC prod.
1st MC prod. campaign sta
campaign in March

15.000

HSO6

10,000 -

5.000 |

A ‘/ /\'“% ' \ Ak

- Tanéd,IMd?Fl(' Sep 2010 Jan 2011 "Aay 2011 Sep 2011 Jan 2012 May 2012 Sep 2012 Jan 2013 May 2013

lr ?

- A
Apr 2013 May 2013 Jn 2013 |ul20]3 Aug 2013 sSep 15 ,Jan
Max: 27,058, Average: 2,866

0 \S
Jan 2013 Mar 2013

Jan, 1,2013

Feb 2013

Jan, 2011 " )an. 2012 Jan, 2013
as of Sep,1,2013

Thanks to the detailed tuning of DIRAC, many MC production’s shift workers,
and the new sites joining the Belle Il computing

® Storage (Disk, Tape): ~0.3 PB Storage (Disk, Tape) : ~26 PB
Only for MC data including Data, MC, User data

To increase the computing resources is another key towards the success of Bellell
23/09/2013 C. Cecchi 21
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Bellell Collaboration

23 countries,
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o SuperKEKB/Belle 1l schedule INFN
- C
Calendar 2010 2011 2012 2013 2014 2015 2016 2017
Japan FY 2010 2011 2012 2013 2014 2015 2016 2017

Sep. 2013 Jan. 2015
1 I
/SuperKEKB constrdctiom
I
[ Detector upgrade to Belle Il
T f lBeIIe Il roll ianXD install
Belle roll out ! QCS install
N— . | >
KEKB Dismantling KEKB ] | Accelerator tuning
operation [ —— ) ' BEAST : >
| Fabrication and tests of ring components ] Physics run
X { SuperKEKB operation
[ Install and set up
1
Electricity and
cooling facility
[ MR & DR ]
buildings
!
[ DR tunnel ] :
I
: : : i ) Upgraded Linac operation
[ Linac | Linac upgrade / operation for PF&PF-AR for SuperKEKB, PF, PF-AR

. !
23/09/2013\ C.Cecchi | / 23




® [ ] [ ] [ ] [
<[O SuperKEKB luminosity projection INFN
Belle I
Lo

70¢
60F—
> " Goal of Belle II/SuperKEKB
= 50
N
E 40:—
E :
- 30:—
S :
8 20
o~
‘2 "-ﬂu 10— 9 months/year
== p-Same size datagsBelle ., 7 (20 days/month
x10%° 8- Commissioning starts
:g 6 in early 2015.
€ 4 Shutdown
€ ~ [ forupgrade
2w 2 - ?
o F
SE'...I,..I...I...I...I.
25 M2 2014 2016 2018 2020 2022
Calendar Year
23/08/2@%3n to reach 50 ab:'Chschhe end of 2022 24
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® Perugia
SO Summary ,NF/N)
— C o
> e*e B factories have proven to be an excellent tool for flavor

physics.
Reliable and long term operation = important of physics results

» Major upgrade of KEKB factory to SuperKEKB (x50 data)
will provide suitable probe for NP complementary to LHC

» Construction is proceeding at full speed (2010-2015)

Thanks for your kind attention

23/09/2013 25



