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Outline

• Introduction	
• Status	of	SuperKEKB	
• Status	of	Belle	II	detector	construction	
• Commissioning	status	and	plans
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The	mission	of	Belle	II
In	a	nutshell:	discover	New	Physics	

• SM	supported	by	all	experimental	evidence	at	the	current	level	of	precision	and	
energies	
– although	discrepancies,	or	“tensions”	do	exist	

• However,	the	SM	does	not	explain	several	fundamental	questions	
– hierarchy	of	fermion	masses,	n.	of	generations,	neutrino	masses,	matter-antimatter	

asymmetry,	hierarchy	of	CKM	matrix	elements	

Several	(NP)	scenarios,	with	new	particles	and	interactions,	which	can	be	investigated	
at	the	“energy”	or	at	the	“intensity”	frontier.

3
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Fig. 197: UT fit today (top) and extrapolated to the 50 ab�1 scenario for an SM-like scenario

(left) and world average values (right).

19.2.1. Tree-level decays. Ryoutaro Watanabe15511

(Semi-)leptonic B meson decays are derived from the quark level process, b ! q`⌫ for q = u15512

and c. The SuperKEKB/Belle II has su�cient e�ciencies to precisely measure a variety of15513

observables for B̄ ! D(⇤)`⌫̄, B̄ ! ⇡`⌫̄, and B̄ ! `⌫̄ (for ` = ⌧ , µ, e). As we know that a15514

clear discrepancy of 4� in RD(⇤) ⌘ B(B̄ ! D(⇤)⌧ ⌫̄)/B(B̄ ! D(⇤)`⌫̄) (for ` = µ or e) has been15515

realized between the present data [134–136, 150, 180] and the SM predictions, it would be15516

deserved to examine new physics scenarios that a↵ect (semi-)tauonic B meson decays, which15517

are measurable at Belle II.15518

560/629

2016, 1.5 ab-1

Tevatron and LHCb also included
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Chapter 1

Physics Motivation

In this chapter, we give an overview of the physics
motivation for the SuperKEKB asymmetric B factory.
The overview covers the e

+

e

� environment, achieve-
ments at Belle, and the range of physics achievable at
SuperKEKB with the Belle II experiment. The Su-
perKEKB physics program is diverse, and the range of
physics topics that can be studied is very broad. This
chapter provides justifications for the design integrated
luminosity, and plans for running at di↵erent centre-of-
mass energies.

1.1 Overview

The SuperKEKB facility designed to collide electrons
and positrons at centre-of-mass energies in the regions
of the ⌥ resonances. Most of the data will be collected
at the ⌥(4S) resonance, which is just above thresh-
old for B-meson pair production where no fragmenta-
tion particles are produced. The accelerator is designed
with asymmetric beam energies to provide a boost to
the centre-of-mass system and thereby allow for time-
dependent charge-parity (CP ) symmetry violation mea-
surements. The boost is slightly less than that at KEKB,
which is advantageous for analyses with neutrinos in the
final state that require good detector hermeticity.

SuperKEKB has a design luminosity of 8 ⇥
1035cm�2s�1, about 40 times larger that of KEKB. This
luminosity will produce 5 ⇥ 1010

b, c and ⌧ pairs, at a
rate of about 10 ab�1 per year (see Table 1.1).

1.1.1 The Intensity Frontier

The Standard Model (SM) is, at the current level of ex-
perimental precision and at the energies reached so far,
is the best tested theory. Despite its tremendous success
in describing the fundamental particles and their inter-

Table 1.1: Beauty, ⌥, charm and ⌧ yields. Per year
integrals are at design luminosity and are for guidance
only.

Channel Belle BaBar Belle II (per year)
BB̄ 7.7⇥ 108 4.8⇥ 108 1.1⇥ 1010

B

(⇤)
s B̄

(⇤)
s 7.0⇥ 106 � 6.0⇥ 108

⌥(1S) 1.0⇥ 108 1.8⇥ 1011

⌥(2S) 1.7⇥ 108 0.9⇥ 107 7.0⇥ 1010

⌥(3S) 1.0⇥ 107 1.0⇥ 108 3.7⇥ 1010

⌥(5S) 3.6⇥ 107 � 3.0⇥ 109

⌧⌧ 1.0⇥ 109 0.6⇥ 109 1.0⇥ 1010

actions, excluding gravity, it does not provide answers
to many fundamental questions.

The SM does not explain why there should be only
three generations of elementary fermions and why there
is an observed hierarchy in the fermion masses. The
masses and mixing parameters of the SM bosons and
fermions are not predicted and must therefore be de-
termined experimentally. The origin of mass of funda-
mental particles is explained within the SM by spon-
taneous electroweak symmetry breaking, resulting in a
scalar particle, the Higgs boson. However, the Higgs bo-
son does not account for neutrino masses. It is also not
yet clear whether there is a only single SM Higgs boson
or whether there may be a more elaborate Higgs sector
with other Higgs-like particle as in supersymmetry or
other NP models.

Studies of symmetries have often illuminated our un-
derstanding of nature. At the cosmological scale, there
is the unresolved problem with the matter-antimatter
asymmetry in the universe. While the violation of CP

2

Note: 

*

* assuming 100% running at each energy

Expected data sample @ full luminosity
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TABLE IV: Extrapolations for selected charm decay measurements. See Table I for a
description of the symbols.

Observables Belle Belle II LHCb

(2015) 50 ab�1 Run-1 22 fb�1

(�
stat

,�
sys

) (�
stat

,�
sys

) (�
stat

,�
sys

) (�
stat

,�
sys

)

ACP (D ! K+K�) [10�3] (2.1, 0.8) (0.3, 0.6) (1.5, 1.0) (0.4, 0.5†)
ACP (D ! ⇡+⇡�) [10�3] (3.8, 1.0) (0.5, 0.2) (1.9, 1.0) (0.4, 0.5†)
�ACP [10�3] (4.1, 0.6) (0.6, 0.3†) (1.6, 0.8) (0.4, 0.4†) (B ! D0µX)

A
�

[10�4] (20, 8) (3, 2) (6.2, 1.2) (1.3, 0.6‡) (D ! KK)

yCP [10�3] (2.2, 1.0) (0.3, 0.4) To be included
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FIG. 8: Precision projection for indirect CP violation in 2-body all charged final state D
decays.
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BELLE2-NOTE-PH-2015-004
Version 5.0

May 28, 2017

Belle II - LHCb measurement extrapolation comparisons

Phillip Urquijo

School of Physics, The University of Melbourne, Victoria 3010

Abstract
This report presents a set of projected measurement uncertainties as a function of time for several

key flavour physics measurements at Belle II and LHCb until 2025. The time basis is the expected
integrated luminosity delivery date from the respective colliders.
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FIG. 2: SuperKEKB and LHCb integrated luminosity projections in fb�1 and ab�1

respectively.

Systematic uncertainties are taken into account in these projections. We base most pro-
jected systematic uncertainties on values presented in BELLE2-NOTE-21/BELLE2-NOTE-
PH-2015-002, and LHCb EPJC 73, 2373. If projections are not provided in that report, the
assumptions will be provided here.

FIG. 3: Expected yield enhancement for selected analysis types in Belle II and LHCb
(left), and expected statistical error reduction factors (right). It assumes that Belle II will
spend 70% of the time at ⌥(4S), which is a realistic, but conservative operating scenario.
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How to achieve L~1036? Super-KEKB 

(0.8-1.0) 

(0.01-0.02) 

Two options     I (current)    !y " " " "# " 
  considered:     (amps)     (mm) 
 

 KEKB achieved    1.8/1.45    6.5/5.9    0.11/0.06 
 

 High current    9.4/4.1     3/6     0.3/0.51 
 

 Nano-beam     3.6/2.6     0.27/0.30   0.09/0.08 
    (Raimondi for  SuperB) chosen 

beam size:  100 µm(H) x 2 µm(V) ! 10 µm(H) x 59 nm(V) 
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 High current    9.4/4.1     3/6     0.3/0.51 
 

 Nano-beam     3.6/2.6     0.27/0.30   0.09/0.08 
    (Raimondi for  SuperB) chosen 

beam size:  100 µm(H) x 2 µm(V) ! 10 µm(H) x 59 nm(V) 
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“nano-beam” scheme, first 
proposed in the SuperB
design (although eventually 
it was not applied there)

!"#$%&"'(()*(&+,)&-(&$"".&/0)1&23(,)04

!"#$#%&
'()*+,-*./011+2345*6/+7859.-83+++++++++++++++++++++++++

:;<+7=(9=>.8> "

The glory years An enforced pause The new campaign

Waterloo, 1815

Napoleon on Elba

Emperor of 
flavour physics

Plotting the 
stage-II project

Not quite what 
was promised 
in the TDR

Eroica!

(Slide first
shown at
Super-B 
workshop,
Elba, 30/5/11)



G. Finocchiaro Belle IIMay 29 2017

='>?'

V

A. J. Schwartz   FPCP 2014, Marseilles, France  Belle II Physics Prospects   4 

How to achieve L~1036? Super-KEKB 

(0.8-1.0) 

(0.01-0.02) 

Two options     I (current)    !y " " " "# " 
  considered:     (amps)     (mm) 
 

 KEKB achieved    1.8/1.45    6.5/5.9    0.11/0.06 
 

 High current    9.4/4.1     3/6     0.3/0.51 
 

 Nano-beam     3.6/2.6     0.27/0.30   0.09/0.08 
    (Raimondi for  SuperB) chosen 

beam size:  100 µm(H) x 2 µm(V) ! 10 µm(H) x 59 nm(V) 

Eugenio Paoloni Pasadena  FPCP 2016

From KEKB
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From KEKB to SuperKEKB
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KEKB ! SuperKEKB (nano-beam) 

e- 2.6 A 

e+ 3.6 A 

To get 40x higher luminosity 

e- 2.6 A 

Colliding bunches 

Damping ring 

Low emittance gun 
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Sources of Beam Background at SuperKEKB:

6

Touschek scattering: 
! intra-bunch scattering 

process"
! dominant with highly 

compressed beams "
! 20 times higher

Beam-gas scattering: 
! Bremsstrahlung (negligible) & 

Coulomb interactions (up to 
100 times higher ) with 
residual gas atoms & 
molecules 

Synchrotron radiation: 
! emission of photons 

by charged particles 
( e+e-) when 
deflected in B-field "

Radiative Bhabha process: 
! photon emission prior or after 

Bhabha scattering"
! interaction with iron in the magnets 

leads to neutron background

Two photon process: 
! very low momentum e+e- 

pairs via e+e-—>e+e-e+e-"

! increased hit occupancy in 
inner detectors

Injection Background:  
! covered later in the talk

Touschek scattering: Touschek scattering: Touschek
! intra-bunch scattering 

process
! dominant with highly 

compressed beams 
! 20 times higher

Beam-gas scattering: 
! Bremsstrahlung (negligible) & 

Coulomb interactions (up to 
100 times higher ) with 
residual gas atoms & 
molecules 

Synchrotron radiation: 
! emission of photons 

by charged particles 
( e+e-) when 
deflected in B-field 

Injection Background:  
! covered later in the talk

Phase 2 (collisions)

Phase 1 (no collisions)

Radiative Bhabha process: 
! photon emission prior or after 

Bhabha scattering
! interaction with iron in the magnets 

leads to neutron background

Two photon process: 
! very low momentum e+e-

pairs via e+e-—>e+e-e+e-

! increased hit occupancy in 
inner detectors

Phase 2 (collisions)
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Gas model. Because mass spectrometers only give distribu-2103

tions of the m/z for the di↵erent gas ion fragments, any further2104

e↵ort to interpret these as gas molecule abundances already in-2105

volves an act of interpretation [61]. Some early assumption2106

about the nature of the gas are therefore required. Di-hydrogen2107

and air constituents are first added to the list of gases as the de-2108

fault hypothesis: H2, H2O, N2, O2, CO, CO2, Ar. Then, light2109

hydrocarbons are added progressively starting from CH4 un-2110

til all peaks in the spectra could be accounted for: CH4, C2H6,2111

C2H4, C3H4, C3H6, C3H8. Finally, none of these standard gases2112

predict a peak at m/z = 3 as strong as the one observed by the2113

RGAs in BEAST. Two hypotheses could explain this feature:2114

deuterium-hydrogen molecules DH and tri-hydrogen atoms H3.2115

It is worth noting that both these species are relatively exotic on2116

Earth, however the SuperKEKB vacuum chamber, with its very2117

low pressure, hydrogen-rich residual gas and high levels of ion-2118

izing and neutron radiation provides conditions favourable to2119

their creation.2120

Calculation of the proportion of each gas. The proportion of
each gas species in the residual gas is then found by calculating
the optimal proportions to explain the measured spectra in the
least-squares sense. The problem is expressed as solving

arg min
x
kAx � yk2 , x � 0 (46)

where y is a column vector of the observed relative abundances
for each m/z peak, A is a matrix whose columns each corre-
spond to the standard spectrum for a gas model constituents,
and x is a column vector of the relative proportion (in number
of molecules) of each gas in the mix. The vector of the optimal
proportions of each gas, x̂, is therefore

x̂ =
⇣
ATA
⌘�1

ATy. (47)

Calculation of an e↵ective Z for this gas mix. The gas pro-2121

portions x̂i, together with their molecular formulae, are then2122

used to calculate the number b j of atoms of element Zj by sim-2123

ply multiplying each x̂i by the number of atoms of Zj in the2124

gas molecules. Assuming that the probability of interaction be-2125

tween a beam electron and an atom Zj is proportional to Z2
j2126

— this follows the typical cross section equations for Coulomb2127

scattering and Bremsstrahlung o↵ atomic nuclei [62] — the so-2128

called e↵ective Z, Ze, is expressed as a weighted average of Z2
j .2129

D
Z2
E
=

P
j Z2

j b j
P

j b j
(48)

Ze =

q⌦
Z2↵ (49)

It is “e↵ective” in the sense that this Ze is the atomic number2130

of a pure gas that would produce the same level of beam-gas2131

interactions as the gas mix found in the vacuum chamber. This2132

number can then readily be used to scale the simulation that has2133

been generated with a single value of Z.2134

6.1.3. Vacuum scrubbing results2135

Measurement based on the dynamic pressure. Figure 74 shows2136

the evolution of the base pressure during phase 1 operation. We2137

Figure 74: Base pressure measured as a function of date. Red circles represent
LER measurements, while blue squares represent HER measurements.

see that while the HER quickly reaches the equilibrium value of2138

1 ⇥ 10�8 Pa after it was turned on in March, the LER shows no2139

appreciable asymptotic behaviour, with the minimum recorded2140

pressure varying between 1 ⇥ 10�8 Pa and 1 ⇥ 10�7 Pa. Even if2141

the daily variation is more dramatic than with the HER, the val-2142

ues remain well below the pressures observed during operation2143

which are on the order of 1 ⇥ 10�6 Pa or more during opera-2144

tion at full nominal current, so such variability should produce2145

negligible e↵ects on the dynamic pressure measurement.2146

Figure 75 shows a comparison of the two di↵erent estimates2147

for dP/dI.

Figure 75: (color online) Comparison of two methods used to estimate the dy-
namic pressure. The circles are the SuperKEKB group results, obtained using
equation (43) whereas the squares were obtained with BEAST data using equa-
tion (44). Blue points represent HER data and the red ones, LER data

2148

Both methods are in good agreement, exhibiting a power-2149

law behaviour over more than 3 decades. The slope between2150

100 A ·h and 1000 A ·h is ⌘LER = �0.9 for the LER and ⌘HER =2151

�0.6 for the HER.2152

During early commissioning, the situation is reversed with2153

the LER slope ⌘LER = �0.46 being much smaller than the HER2154

slope ⌘HER = �0.79, according to the SuperKEKB group data.2155

44
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The BEAST data archive begins on 2015-02-15, with a LER2156

beam dose slightly above 2 A · h.2157

Finally, the result in Figure 75 shows that for operating cur-2158

rents reaching Amperes at the end of phase 1, the HER dynamic2159

pressure contribution is of comparable scale with the base pres-2160

sure. However, for the LER, the dynamic contribution domi-2161

nates the base pressure by a factor of at least 10. Should dP/dI2162

keep following the same power-law behaviour, the LER should2163

be operated for more than 1⇥104 A ·h in order for the dynamic2164

pressure to be on the same scale as the base pressure, at the2165

design 3.6 A beam current.2166

Measurement based on BEAST detectors. Figures 76 and 772167

show the scrubbing process as seen by the BEAST detectors2168

for HER and LER scrubbing processes, respectively. The same2169

general power-law dependence is observed across all detectors.2170

For the HER scrubbing shown in Figure 76, LYSO, 3He and

-

Figure 76: Measured Touschek-subtracted electron beam induced background
as a function of delivered current

2171

BGO are in good agreement with the power-law model across2172

all four decades. The slopes of LYSO and 3He data are -0.742173

and -0.77 respectively, therefore close to the dP/dI value. For2174

BGO, the slope is larger at approximately -1.2. The other2175

two sub-detectors exhibit di↵erent behaviours, which can be at-2176

tributed to instrumental e↵ects.2177

In both figures 76 and 77, there is plateauing or increase2178

of the rates beyond 400 A·h observed with all subdetectors.2179

A possible explanation is related to conditioning of the non-2180

evaporable getters (NEG) that happened during that period.2181

Such conditioning is known to release heavier elements in the2182

vacuum chamber, which produces considerably more back-2183

ground due to the Z2 dependence.2184

Otherwise, the biggest change to the accelerator during this2185

period is the addition of permanent magnets to the uncoated alu-2186

minium bellows meant to reduce electron multipacting at large2187

currents. The SuperKEKB group showed that this e↵ectively2188

reduced the electron-cloud e↵ect without changing beam orbit2189

and optics [67].2190

Figure 77: Measured Touschek-subtracted positron beam-induced background
as a function of delivered current

6.1.4. Sample results of residual gas analysis and e↵ective2191

atomic number2192

Figure 78 below shows example results obtained from the2193

beam-gas constituents analysis. The top panel shows the prod-

Figure 78: Time series of a pressure bump experiment and typical results

2194

uct of average pressure and beam current P · I with and without2195

weighting with Ze
2 as defined in equation (48). The central2196

panel shows recorded background rates for one typical channel2197

of two di↵erent subsystems, and the bottom panel shows the Ze2198

during the vacuum bump experiment.2199

Qualitatively, it is observed that the recorded background2200

rates track the weighted P·I better than the default, un-weighted2201

version. We see an increase of the hit rates around 13:42 which2202

is not associated with any notable increase of the average pres-2203

sure. The explanation is that heavier elements are released2204

first. They don’t contribute significantly to the pressure in-2205

crease, yet the e↵ective Z of the gas is larger then, and the2206

Z2-dependence of beam-gas interactions produces a visible in-2207

45
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BEAST II - Phase 1: injection background
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Figure 98: Hit rates as a function of time after injection Tin j, recorded by CsI
(left) and LYSO (right) crystals in position F2, measured during LER injection.
Red open circles: run #3, Blue open squares: reference run #14 (colors online).

Figure 99: Hit rates as a function of time after injection Tin j, recorded by CsI
(left) and LYSO (right) crystals in position F2, measured during HER injection.
Red open circles: run #9, Blue open squares: reference run #10 (colors online).

of about a factor of 10 of the injection background, which can in2686

part be ascribed to the di↵erent beam current at which the data2687

was taken (Irun10 = 139 ± 7 mA, Irun12 = 296 ± 2 mA versus2688

Irun13 = 309 ± 6 mA). Similar results we observe in the LER.2689

For the LER we show in Fig. 103 the e↵ect of changing the2690

septum angle. In this case, as well as for the HER, the e↵ect2691

observed on injection background is less visible than the previ-2692

ous case; the two data sets were taken at the same beam current2693

Irun14 = Irun17 = 195 ± 3 mA2694

The duration and amount of injection background showed2695

great variations throughout the BEAST running. We also ob-2696

served large variations in the same runs at di↵erent positions2697

and for di↵erent crystals. A common feature however, is that2698

most of the injection related activity dumps down by about two2699

(or three) orders of magnitude within about 1-1.5 ms after the2700

injection.2701

In the study of injection background discussed in the Belle II2702

TDR that we mentioned at the beginning of this section, it was2703

found that typically most noise hits occurred in the first 150 µs2704

after injection, and that later triggers are highly correlated in2705

time with the time of passage of the injected bunch near the in-2706

teraction point. Using the high resolution timing data recorded2707

by the digitiser we have looked for a similar behaviour in the2708

BEAST data. The digitisers record the time of each hit with 22709

ns precision, so each hit is assigned a well defined time after the2710

injection. The bunch revolution time around the machine arcs2711

is Trev=10.0614 µs. This means that every given bunch crosses2712

 (ms)injT0 1 2 3 4

 #
 o

f h
its

310

410

510

610

Figure 100: Hit rates as a function of time after injection Tin j, recorded by CsI
crystals in position F2 during LER injection. Left: reference run #14; right: run
#3. The arrows indicate the position of the peaks that are used to measure their
period.

Figure 101: Hit rates as a function of time after injection Tin j, recorded by CsI
crystals in position F2 during HER injection. Left: reference run #10; right:
run #9. The arrows indicate the position of the peaks that are used to measure
their period.The interpretation of the two di↵erent series observed in run #10 is
discussed in the text.

the interaction point every Trev µs, followed a few ns later by2713

the bunch right behind it, followed in turn by the next bunch2714

and so on. The time interval between subsequent bunches de-2715

pends on the fill configuration pattern. After Trev µs (one com-2716

plete turn) all the bunches filled in the machine will have passed2717

through the interaction point, and the next turn begins repeating2718

this pattern. Each bunch crosses the IP at its own time within2719

the time Trev of one turn, depending on its position in the train2720

of bunches filling the machine. So indicating with Tin j the time2721

after injection recorded by the digitisers in ns, we compute the2722

time within one turn as Tturn = Tin j mod Trev. In this way, if2723

one particular bunch crossing the IP (i.e. the injected bunch)2724

generates some background that produces hits in the crystals,2725

the hits will all have the same Tturn of that particular bunch.2726

We show in Fig. 104 (105) a plot of the time after injection2727

Tin j versus Tturn recorded by the crystals in position F3 during2728

the injection of the HER (LER). As the data shows, is clear that2729

the background hits are correlated in time with one bunche; this2730

is observed in both Thallium doped, pure CsI and LYSO crys-2731

tals, and in the projection on the Tturn axis it appears as a < 102732

ns wide peak. The observed di↵erence in overall hit rate be-2733

tween HER and LER injection confirms the observation made2734

earlier looking at the scaler data that the injection of the LER2735

produces higher backgrounds. The di↵erence observed in the2736
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Figure 105: LER Injection. Plot of the hit time after injection (Tin j) versus the
time within one turn (Tturn), for all the crystals in position F3 for run # 14. The
overall injection backgrounds level is higher than in the HER, but the timing
structure is very similar.

Figure 106: Plot of the time of hit after injection (Tin j) versus the time within
one turn Tturn (left), for the LYSO crystal in position F2. The projection on
Tturn shows clearly two peaks separated by ⇡ 98 ns corresponding to the two
injected bunches.

±50 ns of the injected bunch time over the total number of2763

hits, representing the fraction of hits associated to the injected2764

bunch; the ratio FlowT of the number of hits with Tin j < 200µs2765

over the total number of hits, representing the total number of2766

hits occurring relatively early after injection, including the hits2767

associated with the injected bunch and finally, the ratio Fother of2768

the number of hits outside the two regions previously defined,2769

over the total number of hits, which represents the total num-2770

ber of hits due to interactions that are less directly related to the2771

injection.2772

The results for more runs, crystals and positions are given2773

in Appendix D.4. We show here, as an example, the rate frac-2774

tions recorded in the CsI(Tl) and pure CsI crystals during the2775

injection study of the HER, summed over the three di↵erent �2776

positions in the backward and, separately, in the forward. In2777

Appendix D.4 we present detail tables with the full results.2778

Energy Spectrum. We measure the energy of the radiation in-2779

cident on each crystal by converting the charge of the hits to2780

energy using the calibration described in Sec. 3.5.4.2781

We show in Fig. 111 the energy distribution for the HER and2782

LER injection background obtained using the presently avail-2783

able calibrations, which we know to underestimate the energy2784

by some factors still to be determined with precision. Present2785

estimates are that the factors could be as much as 4-5 for LYSO2786

and pure CsI, and about 30% for Thallium doped crystals.2787

The spectrum of energy deposited in CsI crystals during in-2788

jection is given in Fig. 112 for the LER (reference run #14), and2789

in Fig 113 for the HER (reference run # 10).2790

We also show in Fig. ?? as an example, the energy deposited2791

as a function of time after injection and time within one turn for2792

6.5.2. Injection background in CLAWS2793

The CLAWS system, introduced in Section 3.3, is specifi-2794

cally designed to study the time structure of charged particle2795

injection background. For data taking during the injection back-2796

ground campaign on May 25, 2016 the system was triggered on2797

the injection signal, and recorded 800 µs long continuous wave-2798

forms, corresponding to 80 turns of the accelerator. These stud-2799

ies add further details on the timing properties of the injection2800

background presented in the previous subsection.2801

In general, the FWD CLAWS sensors located on the outside2802

of the ring in the direction of the outgoing LER see a some-2803

what higher signal than the BWD sensors in the inside of the2804

ring on the outgoing HER. Since the timing patterns observed2805

are consistent between the two detector stations, only results2806

of the FWD sensors are presented in the following for brevity.2807

The present analysis is based on a fast o✏ine analysis of the2808

CLAWS waveforms, using signal amplitudes determined in a2809

fixed-length integral rather than a sophisticated iterative signal2810

reconstruction using the subtraction of single photon calibra-2811

tion waveforms. The waveforms of the innermost three FWD2812

sensors (1 – 3) are combined into one, and presented as a com-2813

bined signal. A saturation correction for very large signals is2814

not performed, so that signals in excess of 50 MIP-equivalents2815

should be regarded as lower limits of the full amplitude.2816
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Figure 97: HER vs LER injection background comparison. Scaler hit rates as a function of the time after injection Tin j, recorded in pure CsI (top six plots) and
LYSO (bottom six) crystals in all positions. Red open circles: HER run #10, Blue squares: LER run #14 (colors online).

a nominal period of 50.5 turns in the LER and 40.7 turns for the2661

HER [71]. Since the actual values in each run may vary from2662

these nominal values for di↵erent machine parameter settings,2663

a tracking simulation of the beam orbits was performed [71] us-2664

ing the same machine parameters is use during data runs 3, 14,2665

9 and 10, to obtain a prediction for the synchrotron oscillations2666

period that is directly comparable to the data. To obtain a mea-2667

surement of the period of the oscillations, we have rebinned the2668

plots of the rate as a function of Tin j in order to make the peaks2669

position more defined. These are shown in Fig. 100 and 101.2670

We measure the oscillation period simply by taking the average2671

time di↵erence between adjacent peaks in the hit rate, indicated2672

with arrow series in Fig. 100 and 101, and convert it to number2673

of turns. In run #10 two distinct series with the same period are2674

observed and identified by two di↵erent arrows styles. The two2675

series are shifted by half period, indicating that the backgrounds2676

are originating from two distinct points opposite to each other;2677

this feature may be conserved in run #9, but is less evident.2678

The results are summarised in Table 26, where we list our2679

measurements together with their predictions from simulation,2680

finding excellent agreement.2681

Run # Data (# of turns) Simulation (# of turns)
14 52.5±0.5 52.3
3 53.1±1.4 53.3

10 40.6±0.7 40.6
9 41.7±1.0 42.4

Table 26: Measured values of the synchrotron oscillation period obtained from
injection background data. The measurement is compared with those obtained
from a tracking-based, simulation of the beam orbits, using for the machine
parameters the same values in use during each run.

We now discuss the e↵ect of changing the other injection2682

parameters. In Fig. 102 we show the e↵ect, recorded by the2683

LYSO crystal in position B2 (backward, � = 90�), of changing2684

the HER vertical steering angle 1. There is an overall increase2685

55
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Run # Data (# of turns) Simulation (# of turns)
14 52.5±0.5 52.3
3 53.1±1.4 53.3

10 40.6±0.7 40.6
9 41.7±1.0 42.4

Table 26: Measured values of the synchrotron oscillation period obtained from
injection background data. The measurement is compared with those obtained
from a tracking-based, simulation of the beam orbits, using for the machine
parameters the same values in use during each run.
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LER	1000mA達成！！！
June	21,	2016:	LER	beam	current	exceeded	1	Ampere

SuperKEKB	vacuum	
scrubbing	too

18



Startup of SuperKEKB (3 months)
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Simulated Background Rates in Belle 2

!"

DRAFT
23

/5
/2

01
7

4 Belle II Simulation

The background types are listed in Table 22. The rate of events is calculated from the 812

number of events in the sample and the equivalent accelerator running time. 813

Table 22: Beam background types (12th background campaign).

type source rate [MHz]

radiative Bhabha HER 1320

radiative Bhabha LER 1294

radiative Bhabha (wide angle) HER 40

radiative Bhabha (wide angle) LER 85

Touschek scattering HER 31

Touschek scattering LER 83

beam-gas interactions HER 1

beam-gas interactions LER 156

two-photon QED - 206

Background mixing The simulated background samples are used to add background to 814

the simulated events. Adding background to simulated events is done by adding SimHits; 815

digitization is done after that. Possible pile–up of hits is therefore inherently included. The 816

average number of background events of a given type to be added to a single simulated event 817

is determined from the rate R of a particular background sample and the time window �t 818

in which the background is mixed 819

N̄ = sR�t, (1)

where s is an optional scaling factor. The number of background events added to a particular 820

simulated event is then generated according to Poisson distribution with the mean N̄ . To 821

simulate contributions from di↵erent bunches, the background events are shifted in time 822

randomly within the time window. This means that all SimHits of a given background event 823

are shifted by the same time and therefore the correlations between detector components 824

are preserved. The discrete bunch nature is however neglected because of su�ciently small 825

bunch spacing. 826

The size of the time window depends on the detector component. It ranges from 100 ns 827

(TOP) to 26 µs (ECL). To reduce CPU time we chose the time window of [�1.0, 0.8] µs, 828

which fits the most detector components, except PXD and ECL; these two have time windows 829

of [�17.6, 8.5] µs and [�10.0, 10.0] µs, respectively. Additional background samples are used 830

for mixing the background outside the default time window in these two cases. 831

Table 23 shows a comparison of the number of digitized hits (clusters for PXD and SVD) 832

per event from beam–induced background with those from generic BB events. 833

Background Overlay When experimental data become available we will use di↵erent 834

method. Instead of using simulated beam background, the background overlay method will 835

add background measured by random trigger. The background overlay is therefore done by 836

adding the measured background event to the simulated one using digitized hits. Possible 837

pile-up of hits must be taken into account with dedicated methods. These methods can 838

39/624DRAFT
23

/5
/2

01
7

Table 23: Number of digitized hits per event for beam-induced background (12th background

campaign) and for generic BB events withount background. For PXD and SVD the clus-

ters are counted instead of digits. Numbers in parenthesis are without two–photon QED

background.

component background generic BB

PXD 10000 (580) 23

SVD 284 (134) 108

CDC 654 810

TOP 150 205

ARICH 191 188

ECL 3470 510

BKLM 484 33

EKLM 142 34

model the pile-up only approximately since the measured background includes only the hits839

above the detection threshold.840

A framework for background overlay has been designed to unify the method for all detector841

components. It consists of two basf2 modules and a base class for digitized hits (or clusters842

of hits). The first module, which must run in a single process mode, reads the data from a843

standard basf2 ROOT background file, and the second module, which can run in a multi-844

process mode, performs the overlay. Each class for digitized hits must implement two base845

class methods: the one that returns the unique channel identifier of the hit and the one that846

implements the pile-up method, which is usually detector specific. The first method is used847

to identify channels where background hits are added to the existing simulated hit. If this848

happens, the second method is called. The return value then signals whether the pile-up849

criterion was fulfilled. If not, the background hit is added to the collection of simulated hits.850

4.5. Detector Simulation851

The simulation package of basf2 is based on the Geant4 software [36, 37], with the version852

number 10.1.2.3 There are two methods to supply the primary event to Geant4: One can853

use the particle gun class, which is part of the Geant4 package, or one can employ a specific854

generator software. For the latter case, the particles created by the generator package are855

sent to Geant4 for simulation via the interface implemented in the basf2 simulation package.856

Most of the decay processes of particles are described by the generator software. Short lived857

particles such as K0
S are usually decayed by Geant4. Exchange bosons and initial particles858

such as e� and e+ is not passed to Geant4. During the simulation, Geant4 transports each859

primary particle step–by–step inside the detector and creates secondary particles. Digitiza-860

tion of hit information in the sensitive volume of the detectors is handled by separate basf2861

modules, rather than using software objects incorporated into Geant4 [4]. The result from862

3 Geant4 version 10.1.2 was included in basf2 release 00–06–00 on December 2015. Before, version
9.6.2 was used.
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Belle II eagerly waiting for inner sub-systems installation...       … which has just started! 

First Time-Of Propagation 
module installation

Central-Drift-Chamber 
wiring 

Silicon-Vertex-Detector
Aerogel RICH 
photon-detectors

Instead of summary

Very exciting time ahead! with lots of (new) physics to follow from 2018 - ! 
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Tracking Detectors
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• Extrapolations of detector performance confirmed 
after beam-test results, and realistic software 
implementation

• Currently, in spite of !$!"Belle II = 28/44#!$!"Belle

A
ctive Pixel Dete

ctor

DEPFET

Outlook

Current Flavor Tagging Interface reaches a total efficiency
(∼ 32%) on MC. !

(Predecessors: Belle ∼ 29%, BaBar ∼ 33%)

Current σBelle II
∆z

∼ 1
3
σBelle

∆z for J= ψ Vertex. !

Current σBelle II
∆t

∼ 3
4
σBelle

∆t : better σ∆t
& ∆t̂

but lower ⟨βγ⟩!

All presented tools are available.

⇒ There is a considerable amount of development and
optimization work needed.

Challenge: the development and the accuracy of the CP
Analysis tools are coupled to the whole basf2 software
development.
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BELLEBelle

Oct. 11 Oct. 12

Oct. 13 Oct. 13

installed in Belle

track 1

track 2

3

5 X axial layers ! 2D tracking 
4 X stereo layers ! z information

spatial layers of small cell

25
0m

m
25
0m

m

1200mm

(a)

(b)

Belle

Belle-II

Axial wire
Stereo wire
60-80 mrad

• (&0#/$$'+-!,#A-9]\S

cosmic ray test

16

0.2! 0.15! 0.1! 0.05! 0 0.05 0.1 0.15 0.20
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2000
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7000

8000

D01-D02 hdD0
Entries  71420

Mean  0.006408! 

Std Dev    0.02192

 / ndf 2"  176.9 / 38

Prob  20! 8.379e

p0        51.1±  6941 

p1        0.00007±0.00683 ! 

p2        0.00010± 0.01219 

p3        43.0± 913.6 

p4        0.000274±0.005488 ! 

p5        0.00047± 0.03072 

D01-D02

2! 1.5! 1! 0.5! 0 0.5 1 1.5 20
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1000
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2000

2500

3000

3500
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4500

Z01-Z02 hdZ0
Entries  71420
Mean   0.04344
Std Dev    0.2702

 / ndf 2"  76.13 / 48
Prob   0.005991
p0        100.4±  3771 
p1        0.00153± 0.04844 
p2        0.0031± 0.2112 
p3        107.2± 937.4 
p4        0.00387± 0.03119 
p5        0.0083± 0.3633 

Z01-Z02

�1 = 2.1mm (70%)

�2 = 3.6mm (30%)

�1 = 122µm (75%)

�2 = 307µm (25%)

�d0[cm] �z0[cm]

one cosmic ray track is track-fitted as separated tracks 
 in upper and lower regions

mean is shifted due to mis-alignment of wire position
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Read-out electronic upgrade 
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EARLY PROTOTYPE 
TESTED AT BELLE 

G. Finocchiaro Belle IIMay 29 2017 !"

Early prototype tested at Belle

CHAPTER 1. MOTIVATION AND OVERVIEW

1.3 The Belle II overview

Figure 1.9: Upgraded Belle II spectrometer (top half) as compared to the present Belle detector
(bottom half).

The design of the Belle II detector follows to a large extent the scheme discussed in the Letter
of Intent [5] and its 2008 supplement, Design Study Report [6], with one notable exception: a
pixel detector now appears in the innermost part of the vertex detector. Other modi� cations are
due to the change in the accelerator design from the high current version to the \ nano-beam"
collider, and are associated with the larger crossing angle, the need to have the � nal quadrupoles
as close as possible to the interaction point, and the smaller beam energy asymmetry (7 GeV/c
on 4 GeV/c instead of 8 GeV/c on 3.5 GeV/c).
For the Belle II detector, our main concern is to maintain the current performance of Belle
in an environment with considerably higher background levels. As discussed in detail in the
2008 Design Report [6], we evaluate the possible degradation of the performance in a high-
background environment by extrapolating from the present operating conditions of KEKB and
Belle by accounting for the scaling of each component of background with the higher currents,
smaller beam sizes and modi� ed interaction region. From these studies, we assume a conservative
factor of twenty increase in the background hit rate. The physics event rate will be about 50
times higher.
The following changes to Belle will maintain a comparable or better performance in Belle II:

� just outside the beam pipe, the silicon strip detector is replaced by a two-layer silicon pixel
detector based on the DEPFET technology;

� the silicon strip detector extends from just outside the pixel detector to a larger radius

14

Belle calorimeter: 8736 CsI(Tl) crystals 
6624 Barrel
1152 Fwd Endcap
  960 Bwd Endcap

• High rates (machine+physics) ⇒ upgrade of electronics
- shorter signal shaping (1%s —> 500ns)
- the waveform is sampled (~2MHz)
- waveform fit to extract signal time and amplitude

CHAPTER 9. CALORIMETER (ECL)
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Figure 9.9: Measured time distributions for 5 MeV (left) and 100 MeV (right) cluster energy
depositions.
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Figure 9.10: Left: pile-up noise dependence on polar angle for new and old electronics. Right:
measured time resolution as a function of single-crystal hit energy.
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ECL	commissioning	

28

150GeV shower!

CDC-ECL	cosmic	ray	test

Jan 2017
BWD endcap installation Barrel ECL under CR test since 2015

Endcap calorimeter CR test ongoing



G. Finocchiaro  -  Belle II statusMay 29 2017

5/))'$-K(bU-N%7'-!1-K)*2/8/#%*&-IN!KL

9V
Eugenio Paoloni Pasadena  FPCP 2016

Barrel PID: TOP ( T ime Of Propagation)

29

Cherenkov ring imaging with precision time measurement (better than 100ps)

Installation completed!  2016, May 11 

Kaon/Pion



G. Finocchiaro  -  Belle II statusMay 29 2017

TOP:	running	the	installed	detector
Gain	operational	experience	in	1.5	T	B-field	!	

– Issue	with	PMTs	discovered:	PMT-MCPs	use	a	magnetic	Kovar	(Cobalt-
Nickel	alloy)…	and	move	with	the	B-field	on!	

– Repair	to	main	issue	completed	(added	shims	between	PMT	and	FE	board	
to	push	PMTs	in	place).	

– result	of	GEANT4	simulation	of	air	gaps	(different	thickness)	between	
quartz	and	PMT	inserted	in	Belle	II	reconstruction	for	different	fractions	
of	affected	PMTs	==>	Effect	on	pion	or	K	mis-id/efficiency	very	small	

– Cause	delay	on	global	installation	schedule	

• High	statistics	laser/cosmic	running	for	all	modules	with	stable	ASIC	
configuration	completed,		both	with	and	without	B-field	to	understand	
performance	differences	

• Significant	progress	on	firmware,	including	the	crucial	feature	extraction

30
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ARICH Rings from cosmic ray muons
First events from CR tracks recorded in a partially instrumented sector of the 
ARICH

Production of aerogel tiles and HAPDs is finished. Expect to complete installation 
on the structure before July, and install in Belle II in September.
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The KLong a Muon detector KLM
- 14 iron layers 4.7cm thick 
- 15 barrel active layers 

# 2 x [scintillator strips + WLS + SiPM]   ⇐  NEW

# 13 x [double glass RPC + 5 cm orthogonal phi, z strips] 
- 14 endcap active layers 

# 14 x [scintillator strips + WLS + SiPM] ⇐  NEW

33

The KLong a Muon detector KLM
CHAPTER 10. K0

L AND � DETECTION (KLM)

Nikko
Side

Oho
Side

Backward
ECL

Forward
ECL

Pole Tip

Solenoid

Magnet Yoke

Barrel KLM
Forward
Endcap

KLM

Pole Tip

Barrel ECL

Backward
Endcap

KLM

0 1 2 3 m

Figure 10.1: Side view of the KLM, located outside the ECL and solenoid. The gray lines mark
the nominal polar angular acceptance of Belle II.

314

! All endcap active layers + 2 innermost layers in barrel 
replaced with scintillator strips to resist neutron background 

! Installation is complete 
! Commissioning with cosmic rays ongoing

Eugenio Paoloni Pasadena  FPCP 2016

KLM: K Long and Muon system
The end-caps and the two innermost layers of the barrel  were replaced 

with scintillators to cope with increased backgrounds

Installation completed

Commissioning in progress with cosmic rays data

31
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Barrel KLM commissioning

34
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Reconstruction sees RPC tracks in both sectors
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Readout on all octants will be installed and commissioned by the Summer

CR track fitted independently in the two sectors
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SuperKEKB: Preparations for Phase 2 Commissioning
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Final focus magnets

36

Superconducting quadrupole 
magnets with 30+25 coils

The second one delivered on Feb 13

G. Finocchiaro  -  Belle II statusMay 29 2017
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News

On 11 April, the Belle II detector at the 

KEK laboratory in Japan was successfully 

“rolled-in” to the collision point of the 

upgraded SuperKEKB accelerator, marking 

an important milestone for the international 

B-physics community. The Belle II 

experiment is an international collaboration 

hosted by KEK in Tsukuba, Japan, with 

related physics goals to those of the LHCb 

experiment at CERN but in the pristine 

environment of electron–positron collisions. 

It will analyse copious quantities of B 

mesons to study CP violation and signs of 

physics beyond the Standard Model (CERN 

Courier September 2016 p32). 

“Roll-in” involves moving the entire 

8 m-tall, 1400 tonne Belle II detector system 

from its assembly area to the beam-collision 

point 13 m away. The detector is now 

integrated with SuperKEKB and all its seven 

subdetectors, except for the innermost vertex 

detector, are in place. The next step is to 

install the complex focusing magnets around 

the Belle II interaction point. SuperKEKB 

achieved its first turns in February, with 

operation of the main rings scheduled for 

early spring and phase-II “physics” operation 

by the end of 2018. 

Compared to the previous Belle 

experiment, and thanks to major upgrades 

made to the former KEKB collider, Belle II 

will allow much larger data samples to be 

collected with much improved precision. 

“After six years of gruelling work with many 

unexpected twists and turns, it was a moving 

and gratifying experience for everyone on the 

team to watch the Belle II detector move to the 

interaction point,” says Belle II spokesperson 

7om Browder. ́ Flavour physics is now the 

focus of much attention and interest in the 

community and Belle II will play a critical 

role in the years to come.”

Belle II rolls inF A C I L I T I E S

masses to which CAST is sensitive. The 

limits concern a part of the axion parameter 

space that is still favoured by current 

theoretical predictions and is very difficult 

to explore experimentally, allowing CAST 

to encroach on more restrictive constraints 

set by astrophysical observations. “Even 

though we have not been able to observe the 

ubiquitous axion yet, CAST has surpassed 

even the sensitivity originally expected, 

thanks to CERN’s support and unrelenting 

work by CASTers,” says CAST spokesperson 

Konstantin Zioutas. “CAST’s results are still 

a point of reference in our field.µ

The experience gained by CAST over the 

past �5 years will help physicists to define the 

detection technologies suitable for a proposed, 

much larger, next-generation axion helioscope 

called IAXO. Since 2015, CAST has also 

broadened its research at the low-energy 

frontier to include searches for dark-matter 

axions and candidates for dark energy, such as 

solar chameleons. 

 O Further reading 

CAST Collaboration 2017 Nature Physics 

doi:10.1038/nphys4109.

The Belle II 

detector is 

now in place 

at the 
SuperKEKB 

facility in 

Japan. 

C E R N

CERN has begun major work to create a new 

visitor space called Esplanade des Particules, 

to welcome the ever-growing numbers of 

visitors to the laboratory each year. The 

project, undertaken in conjunction with the 

Etat de Genève, will integrate the laboratory 

better into the local urban landscape, making 

it more open and easily accessible, with work 

to last until summer 2018. 

A competition was launched in 2011 to 

showcase the public entrance to CERN. 

Landscape-architects Studio Paolo Bürgi 

won with a design for a large space dedicated 

to pedestrians that connects CERN’s 

reception to the Globe of Science and 

Innovation. The Esplanade des Particules 

will see the current ́ Flags &ar 3arkµ 

replaced by a blue pedestrianised area in 

which the Áags of &(RN 0ember States will 

cross the main road to the laboratory. 

CERN on the road

The speed limit will be reduced to 50 km h–1 at the point where the Esplanade des Particules 

crosses the pedestrianised area. 

KE
K

CERN

CCJun17_News.indd   9

10/05/2017   17:26

8

C E R N C our ie r      J un e 2 0 17

News

In a paper published in Nature Physics, the 

CERN Axion Solar Telescope (CAST) has 

reported important new exclusion limits 

on coupling of axions to photons. Axions 

are hypothetical particles that interact very 

weakly with ordinary matter and therefore are 

candidates to explain dark matter. They were 

postulated decades ago to solve the “strong 

CP” problem in the Standard Model (SM), 

which concerns an unexpected time-reversal 

symmetry of the nuclear forces. Axion-like 

particles, unrelated to the strong-CP problem 

but still viable dark-matter candidates, are 

also predicted by several theories of physics 

beyond the SM, notably string theory.  

A variety of Earth- and space-based 

observatories are searching possible locations 

where axions could be produced, ranging 

from the inner Earth to the galactic centre and 

right back to the Big Bang. CAST looks for 

solar axions using a “helioscope” constructed 

from a test magnet originally built for the 

Large Hadron Collider. The 10 m-long 

superconducting magnet acts like a viewing 

tube and is pointed directly at the Sun: solar 

axions entering the tube would be converted 

by its strong magnetic field into ;-ray 

photons, which would be detected at either 

end of the magnet. Starting in 2003, the CAST 

helioscope, mounted on a movable platform 

and aligned with the Sun with a precision of 

about 1/100th of a degree, has tracked the 

movement of the Sun for an hour and a half 

at dawn and an hour and a half at dusk, over 

several months each year.  

In the latest work, based on data recorded 

between �0�� and �0�5, &$S7 finds no 

evidence for solar axions. This has allowed 

the collaboration to set the best limits to 

date on the strength of the coupling between 

axions and photons for all possible axion 

CAST experiment 

constrains solar 

axions 
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The latest constraints 

on the two-photon 

coupling, gaa, of axions 

and other similar 

particles as a function 

of mass, showing the 

new CAST limits. 

M
 Brice /CERN

advanced accelerator development can be 

taken into account in the coming update of 

the European Strategy for Particle Physics 

in 2020. 
Given the scale of the cost of traditional 

accelerator technologies, which require 

large circular or long linear accelerators 

to reach the highest energies, the past two 

decades have seen significant progress to 

find alternative approaches. 7hese include 

dielectrics and plasmas driven by laser 

pulses or particle beams, which are able 

to accelerate particles 1000 times more 

than the radio-frequency structures used 

in todayάs accelerators. 0aMor laboratories 

including CERN, SLAC, Argonne, DESY 

and INFN-Frascati are working on various 

techniques. CERN has recently started 

the AWAKE experiment, demonstrating 

that high-energy protons from the SPS can 

drive large accelerating fields in a plasma.  

The next step is to apply these methods 

to high-energy physics. For example, the 

acceleration schemes must be tuned to 

determine their real potential for producing 

high-energy and high-quality particle 

bunches; the former has been demonstrated, 

but the latter remains a challenge. This 

requires experimental facilities that can only 

be hosted by international laboratories and a 

strong, united and co-ordinated community 

that merges the advanced and traditional 

accelerator communities. 

The April event has now set this process 

in motion, focusing on the technical 

milestones that are needed to progress 

towards an intermediate-size particle 

accelerator and on the strategies needed to 

bring communities together. A new working 

group dedicated to the development of a 

roadmap will be included in the European 

Advanced Accelerators Concept Workshop 

in September 2017 in Elba, Italy. 

´7his is the first time that the advanced 

accelerator field is co-ordinated at the 

international level, and will pull the 

community together towards the first great 

challenge ahead, i.e. the achievement of 

reliable and high-quality particle bunches,” 

says workshop chair Brigitte Cros. “Further 

workshops will be organised to strengthen 

and sustain this co-ordination.”

CERN’s AWAKE experiment. A possible application of this technology would be to use a 

proton beam from the LHC to accelerate electrons in a few-hundred-metre-long plasma for 

electron–proton collisions. 
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Welcome to the digital edition of the June 2017 issue of CERN Courier.

Fifty years ago, Robert Wilson and his deputy Edwin Goldwasser set up 

temporary offices in Oak Brook, Illinois, and immediately started staffing 

a new laboratory for fundamental physics centred around a 200 GeV 

accelerator. This issue of CERN Courier revisits the beginnings of Fermilab, 

now the principal laboratory in the US devoted to particle physics, and looks 

at some of its contributions over the decades. Three elementary particles 

were discovered there: the bottom quark, the top quark and the tau neutrino. 

Together with CERN’s discovery of the W, Z and Higgs bosons, these two 

titans of the high-energy frontier have put the Standard Model on solid 

foundations. The evolving relationship between Fermilab and CERN, one 

of collaboration and competition, has seen records broken on both sides 

of the Atlantic, most recently with CERN’s LHC surpassing the energy of 

Fermilab’s Tevatron collider. Today, the two labs enjoy a closer partnership 

than ever, with Fermilab contributing to the LHC and CERN contributing to 

the short- and long-baseline neutrino programmes at Fermilab. Both facilities 

have demonstrated the benefits of carrying out high-energy physics on large 

scales, and now serve as models for how to achieve global collaboration. 

Meanwhile, two other major physics facilities celebrate anniversaries this 

month: the Baksan Neutrino Observatory in Russia, which also turns 50, 

and the Gran Sasso National Laboratory in Italy, for which construction was 

completed 30 years ago. Happy birthday to all! 
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On 11 April, the Belle II detector at the 

KEK laboratory in Japan was successfully 

“rolled-in” to the collision point of the 

upgraded SuperKEKB accelerator, marking 

an important milestone for the international 

B-physics community. The Belle II 

experiment is an international collaboration 

hosted by KEK in Tsukuba, Japan, with 

related physics goals to those of the LHCb 

experiment at CERN but in the pristine 

environment of electron–positron collisions. 

It will analyse copious quantities of B 

mesons to study CP violation and signs of 

physics beyond the Standard Model (CERN 

Courier September 2016 p32). 

Courier September 2016 p32). 

Courier
“Roll-in” involves moving the entire 

8 m-tall, 1400 tonne Belle II detector system 

from its assembly area to the beam-collision 

point 13m away. The detector is now 

integrated with SuperKEKB and all its seven 

subdetectors, except for the innermost vertex 

detector, are in place. The next step is to 

install the complex focusing magnets around 

the Belle II interaction point. SuperKEKB 

achieved its first turns in February, with 

operation of the main rings scheduled for 

early spring and phase-II “physics” operation 

by the end of 2018. 

Compared to the previous Belle 

experiment, and thanks to major upgrades 

made to the former KEKB collider, Belle II 

will allow much larger data samples to be 

collected with much improved precision. 

“After six years of gruelling work with many 

unexpected twists and turns, it was a moving 

and gratifying experience for everyone on the 

team to watch the Belle II detector move to the 

interaction point,” says Belle II spokesperson 

7om Browder. ́ Flavour physics is now the 

focus of much attention and interest in the 

community and Belle II will play a critical 

role in the years to come.”

Belle II rolls inF A C I L I T I E S

The Belle II 

detector is 

now in place 

at the 
SuperKEKB 

facility in 

Japan. 

KE
K

V O L U M E  5 7    N U M B E R  5  J U N E  2 0 1 7CERNCO
URIERI N T E R N A T I O N A L  J O U R N A L O F  H I G H - E N E R G Y  P H Y S I C S

T2)%$-\\A-9]\Z-H-5'$$'-((-;%$'0#*&'h

I#

4>#)/h-4>#)/h



G. Finocchiaro  -  Belle II statusMay 29 2017

So,	when	do	we	start	Belle	II	?
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So,	when	do	we	start	Belle	II	?
WHAT’S NEXT: 

• June 2017: B-field measurement, global cosmic ray run 

• September 2017: ARICH and forward ECL (+ commissioning vertex detector) 
installation 

• Nov 2017 - Spring 2018: Phase 2 commissioning, with two main goals: 

✓tune	SuperKEKB	with	nanobeams	-	eventually	reach	KEKB	design	luminosity	

✓ensure	background	levels	are	compatible	with	vertex	detector	operation	

✓	then,	if	compatible	with	the	above,	also	do	some	physics	without	vertex	
detectors	-	at	the	Y(6S)?	

• Summer 2018: install vertex detectors 

• End 2018: full detector operation - start of Physics run

38
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Target of Commissioning in Phase 2

2

Verification of Nano-Beam Scheme

Low Emittance with Large Piwinski Angle

Specific Luminosity, Lsp  > 4 x 1031 [cm-2s-1/mA2]

Reduce Beam Background for Belle II detector
before we move on Phase 3

Beam-Beam Parameter, !y > 0.05

Phase-2 commissioning is only 5 months from mid of February to mid of July.

Lsp　= 1.7x1031@KEKB 
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History of Phase 1 operations

43

Short break for
Injector work

Short break

e-

e+

Red: total beam current
Purple: vacuum pressure
Cyan: beam lifetime

        Short break
Solenoid installation
at bellows (LER)

LER wiggler ON

HER wiggler ON

Trouble of
feedback kicker

HER:
870 mA, 5.7x10-8 Pa, ~200 min. (6/17)
LER:
1010mA, 4.7x10-7 Pa, ~60 min. (6/22)
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Chapter 1

Physics Motivation

In this chapter, we give an overview of the physics
motivation for the SuperKEKB asymmetric B factory.
The overview covers the e

+

e

� environment, achieve-
ments at Belle, and the range of physics achievable at
SuperKEKB with the Belle II experiment. The Su-
perKEKB physics program is diverse, and the range of
physics topics that can be studied is very broad. This
chapter provides justifications for the design integrated
luminosity, and plans for running at di↵erent centre-of-
mass energies.

1.1 Overview

The SuperKEKB facility designed to collide electrons
and positrons at centre-of-mass energies in the regions
of the ⌥ resonances. Most of the data will be collected
at the ⌥(4S) resonance, which is just above thresh-
old for B-meson pair production where no fragmenta-
tion particles are produced. The accelerator is designed
with asymmetric beam energies to provide a boost to
the centre-of-mass system and thereby allow for time-
dependent charge-parity (CP ) symmetry violation mea-
surements. The boost is slightly less than that at KEKB,
which is advantageous for analyses with neutrinos in the
final state that require good detector hermeticity.

SuperKEKB has a design luminosity of 8 ⇥
1035cm�2s�1, about 40 times larger that of KEKB. This
luminosity will produce 5 ⇥ 1010

b, c and ⌧ pairs, at a
rate of about 10 ab�1 per year (see Table 1.1).

1.1.1 The Intensity Frontier

The Standard Model (SM) is, at the current level of ex-
perimental precision and at the energies reached so far,
is the best tested theory. Despite its tremendous success
in describing the fundamental particles and their inter-

Table 1.1: Beauty, ⌥, charm and ⌧ yields. Per year
integrals are at design luminosity and are for guidance
only.

Channel Belle BaBar Belle II (per year)
BB̄ 7.7⇥ 108 4.8⇥ 108 1.1⇥ 1010

B

(⇤)
s B̄

(⇤)
s 7.0⇥ 106 � 6.0⇥ 108

⌥(1S) 1.0⇥ 108 1.8⇥ 1011

⌥(2S) 1.7⇥ 108 0.9⇥ 107 7.0⇥ 1010

⌥(3S) 1.0⇥ 107 1.0⇥ 108 3.7⇥ 1010

⌥(5S) 3.6⇥ 107 � 3.0⇥ 109

⌧⌧ 1.0⇥ 109 0.6⇥ 109 1.0⇥ 1010

actions, excluding gravity, it does not provide answers
to many fundamental questions.

The SM does not explain why there should be only
three generations of elementary fermions and why there
is an observed hierarchy in the fermion masses. The
masses and mixing parameters of the SM bosons and
fermions are not predicted and must therefore be de-
termined experimentally. The origin of mass of funda-
mental particles is explained within the SM by spon-
taneous electroweak symmetry breaking, resulting in a
scalar particle, the Higgs boson. However, the Higgs bo-
son does not account for neutrino masses. It is also not
yet clear whether there is a only single SM Higgs boson
or whether there may be a more elaborate Higgs sector
with other Higgs-like particle as in supersymmetry or
other NP models.

Studies of symmetries have often illuminated our un-
derstanding of nature. At the cosmological scale, there
is the unresolved problem with the matter-antimatter
asymmetry in the universe. While the violation of CP

2

Note: 

*

* assuming 100% running at each energy

Expected yearly data sample @ full luminosity

SuperKEKB luminosity projection!
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SuperB vs. LHCb 

!! SuperB 
!! has no handle on Bs time-

dependent measurements 
!! is much better in modes with 

neutrals 
!! has no competition in channels 

with missing energy 
!! Programs are largely 

complementary 

SuperB (3 years, 50 ab-1) and LHCb (5 year, 10 fb-1) SuperB (50/ab) vs LHCb 10/fb

G. Finocchiaro
11th meeting on B PhysicsApril 13 2016
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Prospects for charm at Belle II

Belle measurements extrapolated to 50 ab�1

Systematic uncertainties primarily scale with integrated luminosity,
with two exceptions:

t-dependent Dalitz: model related systematics (resonance parameters -
masses, widths, form factors, angular dependence etc.)

A

CP

of modes with K

0
s

: asymmetry of K 0/K
0
interactions in material

(PRD 84, 111501 (2011)), �
ired

⇡ 0.02%

Extrapolation:

�
BelleII

=

r
(�2

stat

+ �2
sys

)
L
Belle

50 ab�1
+ �2

ired

Detector performance improvements are not included in the extrapolation

(detailed MC studies are on the way)
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The hourglass effect

• Small amplitude @ IP not efficient with long bunches
• particles in the head and tail of the bunch will see a larger $y 

! “$y
* should be comparable to the overlapping area” 

• In a storage ring
• it is comparably easier to achieve small horizontal size and emittance 
than to make short bunches
• vertical emittance/size scale with the horizontal ones

Angular Divergence @ IP
x

 Transverse Size @ IP
= 

 Emittance (Ring Constant)

*
y

yI
L

!

"±±# lR

SuperB physics case


