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Flavour physics and CP violaton

Discovery of CP violation in K, — n* n~ decays (Fitch, Cronin, 1964)

Kobayashi and Maskawa (1973): to accommodate CP violation into the
Standard Model, need three quark generations, six quarks (at the time
only three quarks were known...)

W OF

Cabibbo-Kobayashi-Maskawa quark V.- .
mixing matrix ij 0

Vfu,d Vus Vub
Vokm = | Vea Ves Ve
Via Vis Vi

SM: CP violation - CKM matrix has a non-trivial phase

Peter Krizan, Ljubljana



A A AR(p—in)
>CKM: almost 2 L
di | and | v = ) -5 4P ol
iagonal and real, P

but not completely!




CP violation in the B system and unitarity triangle

Via Ve Vi = unitary matrix - columns orthogonal
—> unitarity triagle

B> nxn*, ptp

Vo Ves Va
Via Vis Vi

CP
Angles: can be measured in \ /
CP violation measurements e210m W _ A



How to measure B/¢,? 0 Unitarity triangle

To determine the angle ¢, of the unitarity
triangle, we have to measure the time ;
dependence of the difference in B®>J/W K, and o
BY->J]/W K, decays

sin2f, = + 0.7

a -
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t

_ T(B' ()= fup)-T(B(0) > fup)

N/No
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S | fep

= '-r:(tz-'_tlln)‘/r A F(Eo(l‘)—>fcp)+F(BO(f)_>fCP)

Time dependent decay rate difference - CP asymmetry:

)sin(Amt) = sin 2¢, sin(Amt)
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CP violation measurement

Measure the difference in time evolution in B°
and anti-B% decays to a CP eigenstate

H Fully reconstruct decay

0 0 :
B ot:\IB AYA H ::>to CP eigenstate
...... T

B
fu? ‘‘‘‘ C P_..l;K ........ <n+ = : Tag flavor
< <L | | s 1 1 .- - Of Other' B
N T .| -
s e e — 'r/ K from
~ g: At=Az/BycC | — charges
determined+«lz===---=-=-—1 T TT T . of typical
BO(BY) <_E decay

_ _ products
Determine time between decays

- center-of-mass-system should be boosted!
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B meson production at Y(4s)

—_ b2
Lh o
T T
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Y Y(IS) I States = |
H (bb) resonances |
' Y(2S) _'
A YGS)
J?' 4 ,
f A C
tei » SR TR, WL b

Lh
T

Y (4S) Energy Scan

0|||I|||I|||I|||||I|||||I||||I||||
944 946 10.00 10.02 10.34 10.37 10.54

Mass ( GeV/c’ )

Cross Sections at Y(4S):
bb ~1.1nb
cc~1.3nb

dd, ss ~0.3nb
uu~1.4nb

e'e > Y(4S)—> BB
[ =1 state
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Flavour physics at the luminosity frontier
with asymmetric B factories

Belle BlI7E2S

Js=10.58 Gev
et e

—— Y(4s) -

BaBar p(e™)=9 GeVv p(e*)=3.1 GeV By=0.56
Belle p(e™)=8 GeVv p(e*)=3.5 GeVv By=0.42

To a large degree shaped flavour physics in the previous decade




Belle spectrometer at KEK-B

u and K; detection system

(14/15 layers RPC Aerogel Cherenkov Counter
(n=1.015-1.030)
TN

Electromag. Cal.
(CsI crystals, 16X,)

Central Drift Chamber
(small cells, He/C,H)

ToF counter
1.5T SC solenoid
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SVD: Silicon strip Vertex Detector
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Final measurement of
== sin2¢, (=sin2p)

¢, from CP violation measurements in BY — J/y K9 Em

mmmmmm

a, =-—Im(4, )sin(Amt)=sin2g sin(Amt)
2 400F 2
‘2 350f 2 250 I =gj
ho s 2 sin2¢, (=sin2p)
g 250F = 1505 Belle: 0.668 = 0.023 £ 0.012
& 200F & " BaBar: 0.687 + 0.028 + 0.012
3 100}
109¢ 50} Belle, PRL 108, 171802 (2012)
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BaBar, PRD 79, 072009 (2009)

with a single experiment
y precision of ~4%!

6 -4-20 2 4 6 -1-20245

At (ps) -
> Opposite CP - sine :
wave with a fIipped sign Peter Krizan, Ljubljana

d;=p= (21.4+0.8)°




Final measurement of Ny 2
¢, (a) in B — n*n” decays I a.

¢, from CP violation
measurements in B? —

T nf ' 4} - g 3005— T —i
s oo +' \ E T 250F =
S e T R 3
i m:_HH[ii E = = ' .
'-'; Feeetennd “H."]”;.Jim-xli - 500 + —
b 2t I —— - = .
53 OFHHR e AR e e
3 . S T S 2 o5l 4 a, =
28 hreth 5#27 526520 53 Y% o ﬁ , fer .
M, (GeVic) =% o5 XS:BF/‘F = C cos(Amt)+ S sin(Amt)
75 5 25 0 25 5t(' 7).5
At (ps
¥~y Belle, this measurement: BaBar:
— S=-0.64 = 0.08 = 0.03 S=-0.68 = 0.10 = 0.03
C=-0.33 = 0.06 = 0.03 C=-0.25 = 0.08 £+ 0.02
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o5 (=y) with Dalitz analysis

GGSZ method:
The best way to b — - o
measure ¢, B WB"—( Z
= u 8
Color+CKM suppressed ('53 — Kgr*m

Y
:
'
e I~
i

DO

Favored

3-body D? — Kgn*r- Dalitz amplitude

— .

5 [Mi(mi, m?))? = |fp(md, m?) + et (m?, mY)
2
- 1 N
Model dependent description of 7, — \ 1 peld8Eids
using continuum D* data = N -

systematic uncertair:y> 1
¢7=(718+12+4+09) ¢7=(68 £ 14 + 4 £ 3)°



Unitarity triangle: progress

Measurements of the angles from discovery (2001) to a
precision measurement (2011).

+ determination of the sides by measuring Vub and Vcb (C. Schwanda)
- consistent picture
EPS 2001 EPS 2011
P o] R gesmansns Lt L e :

1.0

0.5

0.5

-1.0




The unitarity triangle — status

Constraints from measurements
of angles and sides of the unitarity
triangle - remarkable agreement,

but contributions of New Physics
could be as high as 10-20%

1.5

05 f

IS 0.0 e i

0.5

a0f

_L5_||JL|||| I T T O T T T ) O O
-1.0 -0.5 0.0 0.3 1.0 1.5 2.0

—investigate possible NP phenomena with precise measurements

= Intensity frontier

Peter Krizan, Ljubljana



Intensity Frontier vs Energy Frontier
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New Physics coupling vs standard model

- A very interesting complementarity of the two approaches



Comparison of energy /intensity frontiers

To observe a large ship far away one can either use strong
binoculars or observe carefully the direction and the speed of

waves produced by the vessel.
Energy frontier (LHC)

- -
- -
( g% Luminosity frontier - J
§ (super) B factories
S o (super) ories _

— = == “Doter Krizan, Ljubljana



Rare B decays
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B 21V,

Exp 33 Run 678 Farm 0 Event 1707493

Example of a missing
energy decay

Bt — D%t
(—> KTF_TF+TF_)

B™ — 17(— evib)v
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Full reconstruction tagging

Idea: fully reconstruct one of the B’s to tag B flavor/charge, determine its
momentum, and exclude decay products of this B from further analysis
(exactly two B’s produced in Y(4S) decays)

Decays of interest

(| BIX, v,

B>Kvv
(8GeV ‘_ e+(3 5GeV) B->Dzv, tv
full reconstruction
?nzlslgﬁ Eeam! o( = B->Dr etc. (0.1-0.3%)

Powerful tool for B decays with neutrinos
—>unique feature at B factories

Peter Krizan, Ljubljana



B2 1 v,

Method: tag one B with full reconstruction, look

for the B- & t~v_ in the rest of the event. 120

2 1005

Main discriminating variable on the signal side: 5 e

remaining energy in the calorimeter, not 2 6o
associated with any charged track or photon g 4.,31

- Signal at E = 0 . 20,

Belle Br(B—1tv)=[0.72 '3 +0.11]x10™ J T 04ECL0(ge‘ga EREY
PRL 110, 131801 (2013)

>

BaBar  Br(B—tv)=[1.83 +g f; +(.24] x 10_4J é::; ? 4

Phys. Rev. D 88, 031102(R) (2013) 00 Signal (3.80) 3,?:
. 150? =
Combined : / "J,:t ‘

100

0:...|...|...|..‘|.
0 0.2 0.4 0.6 0.8

Eextra [GEV]

BF(B — tv)=(1.15+0.23)-10"

BF(B — tv)
neas ] 14:+0.40
BF(B — v)g, Peter Krizan, Ljubljana
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Charged Higgs limits from B — 1t v,

Measured value
2

BF (B — v) m;
= =|1-—2tan’ S
BF(B = 1v)g, my,

- limit on charged Higgs mass vs. tanf
(for type II 2HDM)

Iy

Super B factory: Discovery plot: very
much competitive with LHC!

B factories: Exclusion plot
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Charm and t physics

B factories = charm and <t factories

Charm and = can be found in any "Y(nS) samples"

- the integrated luminosity of the samples used for charm and =
studies is larger than for the B physics studies (Belle ~ 1 ab,
BaBar ~0.550 ab1)

- This will of course remain true for the super B factory
A few examples of the strengths of B factories:

e CP violation in charm at B factories (and super B factories) - can measure
CPV separately in individual decay channels, n*n, KK, K¢t ...

e DD pairs produced with very few light hadrons

e Full reconstruction of events —>



Rare charm decays: tag with the other D

Again make use of the hermeticity of the apparatus!
Example: leptonic decays of D

Method pioneered at
HEPHY (L. Widhalm)

Recoil method in charm events:

 Reconstruct Dy, to tag charm, kaon to tag strangeness

e Additional light mesons (X¢,,) can be produced in the fragmentation
process (rw, ©m, ...)

2 step reconstruction:

e Inclusive reconstruction of D, mesons for normalization (without any
requirements upon D, decay products)

e Within the inclusive D, sample search for D, decays

o D. — puv: peak at m> =0 in M? (DiagK Xerag71)

miss

o D. — Tv: peak towards 0 in extra energy in calorimeter



B
Fit to the missing mass squared — Mfﬂisﬁ(ﬂmg!(xfmgfm.i)
D: — pu'v, JHEP 1309, 139 (2013)

Siznal
True D, Backzround
Combinatorial Backzround

®
o
|

Selection:

Events / ( 0.01 GeV?)
i -9
=]

region
@ 1 charged track pointing to 20
the IP
@ passing muon PID _ 5{}
requirements S oM PR e Fgpe. Y
; Z 0 i et i S .
) 0.2 0 0.2 0.4 0.6

2
M?niss{ DmngfragTu]' {GeV ]'

N5, = 489 + 26

Belle preliminary @ 913 fb—1
B(D — ptrv,) = (0.528 £ 0.028(stat.) = 0.019(syst.))%

Most precise measurement up to date.
Extract fp, : | f — 1 8mB(Ds — fvy)
— 2
GEmy (1 — %) | Ves| Mp,p,

L
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Charm, last but not least:

discovery of D% mixing in K¥K-, n*r

Decay time distributions for KK, ntrr, Knt

(a) KK

Mixing parameter
(K 7"
(K K™)

no CPV

Yep

Difference of lifetimes
visually observable
in the ratio of the distributions -

PRL 98, 211803 (2007), 540fb-!

0.12

0.11

0.1

K*K-,tr
and K-z*ratio




Rare t decays

Example: lepton flavour violating
decay T — Uy

Lo

V
e / e

[

A
L/

\%
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LFV in tau decays: present status

Lepton flavour violation (LFV) in tau decays: would be a clear sign
of new physics
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UL of BR

LFV and New Physics
i §W t23l,In —= o

Zy I\ s
r (7 @\ )

S~
m SUSY + Seasaw(m.~2 )23(13) B Neutral Higgs mediated decay.

B Large LFV Br(z=>uy)=0(107~9) B [Important when Msusy >> EW scale.

T2ly

, ) Br(r > 3u)=
Br(z - 7)2 10° [(";)J[;T er tan’ . X[(m,% ), }(m ﬁjé [100Ger4
n_fzz 60 m,
A . ia

04— 18— -HRRRrlimits model Br(t—uy)  Br(z—lil)

7 :_ :i‘ﬁ mMSUGRA+seesaw 10/ 10-°
10 SUSY+S0(10) 108 1010

8 S factories .,. . SM+seesaw 102 10-10
10 Ao Non-Universal Z’ 10 108

A O SUSY+Higgs 10-10 107

107 Super B factory .

107

Luminosity (ab'l)

1 10

Integ. Lum.( ab!)
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B factories: a success story

® Measurements of CKM matrix elements and angles of the unitarity
triangle

® (Observation of direct CP violation in B decays
® Measurements of rare decay modes (e.g., B=>tv, D1v)

® b->s transitions: probe for new sources of CPV and constraints from the
b->sy branching fraction

® Forward-backward asymmetry (Agg) in b>sl*l
® (Observation of D mixing
® Searches for rare t decays

® Discovery of exotic hadrons including charged charmonium- and
bottomonium-like states

B factories remain competitive in many measurements because of their
unique capabilities.



What next?

Next generation: Super B factories - Looking for NP
- Need much more data (almost two orders!)

However: it will be a different world in three years, there is a hard
competition from LHCb and BESIII

Still, ete machines running at (or near) Y(4s) will have considerable
advantages in several classes of measurements, and will be
complementary in many more

- Physics at Super B Factory, arXiv:1002.5012 (Belle II)
- SuperB Progress Reports: Physics, arXiv:1008.1541 (SuperB)



Advantages of B factories in the LHC era

&p 3
Cher 0.00 Cler 0,00
B ELLE TrglD  O.Seles—0-MoglD—0DMlald.3. 50 Dupiier—T.50
Pres(er) 0.0 Eros o 1] M OKLW-M O
T G

Bt - D'n*

(— Kna =nt

™)

BT — 1(— evi)v

Unique capabilities of B factories:

- Exactly two B mesons produced (at Y(4S))

- High flavour tagging efficiency
- Detection of gammas, =%, K s

- Very clean detector environment (can observe decays with several neutrinos
in the final state!)

However, need a two-orders-of-magnitude larger data sample!

Peter Krizan, Ljubljana




Need 0(100x) more data > Next

generation B-factories

Peak Luminosity Trends (e'e” collider)

SuperKEKB

LRGN A S 40 times higher
luminosity KEKB
TOM e e ssseessssessesess e
2
W
Q
T VSO SN H———
=
-
—
TOME e sssne s s sssns s s s e
¥ TRISTAN I
10 BT / ..........................................................
- L : LEP I
0%
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Year

2010 2020
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How to do it?
—>upgrade the existing
KEKB and BeIIe faC|I|ty




Super
How to increase the luminosity? Qﬂ

Beam-beam parameter
Lorentz Beam current

factor \

hi

RL \ Lumi. reduction factor

o (crossing angle)&

Rgi, "~ Tune shift reduction factor
(hour glass effect)

N ; -

o, \1.E"

A
2er, o, B,

Classical electron 0.8 -1
radius (short bunch)
Beam size ratio@IP Vertical beta function@IP
1 - 2 % (flat beam)
1) Smaller B,* 1\ ”
(1) By <— “Nano-Beam” scheme
(2) Increase beam currents «

(3) Increase &,
Collision with very small spot-size beams

Invented by Pantaleo Raimondi for SuperB



Super

How big is a nano-beam ? KEKS

~ 3

How to go from an excellent accelerator with world record performance —
KEKB — to a 40x times better, more intense facility?

In KEKB, colliding electron and positron beams were already much
thinner than a human hair...

oy~10pum,c, ~60Nm

ox~100pum,c ~2pum

... For a 40x increase in intensity you have to make the beam as thin
as a few x100 atomic layers!

Peter Krizan, Ljubljana



Super
KEKB

uest for BSM

BeIIe II Colliding bunches

New IR

——

New superconductlng
/permanent final focusing
quads near the IP

" New beam pipe
& bellows

Replace short dipoles
with longer ones (LER)

' H%H% HHHHH
i W% frH  owemance

Redesign the lattices of HER & Damping ring #“\*\--m

LER to squeeze the emittance ' 1

TiN-coated beam pipe Low emittance gun
with antechambers Low emittance

electrons to inject

Add / modify RF systems s e
for higher beam current =*

Positron source

New positron target /
capture section

[NEG Pump]

To get x40 higher luminosity




:  Installation of HER wiggler chambers in
Installation of 100 new long Oho straight section is done.
LER bending magnets done i

= A QoL e

Add / modify RF systems
for higher beam current

¢ ,,I-
Low emittance =4
positrons to inject

Damping ring tunnel

Low emittance gun

Low emittance
electrons to inject
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Belle I

D Requirements for the Belle II detector

ExpMC
Eher 8.00 Eler 3.50 Date 1031120 Time 9035

B EL L E TrglD O DetVer 1 MoglD 21 BField 150 DspVer 7.50
Prot(ch) 0.0 Etot(gm) D.0SVD-M DCDC-M 2KLM-M O

Critical issues at L= 8 x 103%/cm?/sec

» 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 p identification <« spp recon. eff.
- hermeticity < v “reconstruction”

Solutions:

» Replace inner layers of the vertex detector
with a pixel detector.

» Replace inner part of the central tracker
with a silicon strip detector.

» Better particle identification device

» Replace endcap calorimeter crystals

» Faster readout electronics and computing
system.

b

Belle Il TDR, arxiv:1011.0352v1[physics.ins-det] L.. Peter Krizan, Ljubljan




Belle II Detector

KL and muon detector:

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

J—

—

er 2 barrel layers)

EM Calorimeter:

{iale \\ -:

CsI(TI), waveform samp \\iﬁ\ (ba
Pure CsI + waveform sampling |
\\\\\\\\\\\ -

i C ification
electrons (7GeV % = gation counter (barrel)
. — Prox. fo J Aerogel RICH (fwd)

7

iy

-l [
Vertex Detector S B A

2 layers DEPFET + 4 la

Beryllium beam pipe
2cm diameter

\. I

positrons (4GeV)

-

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




D

Belle II Detector (in comparison with Belle QB%

1 l 2 [ 3 4 5 l & I 7 ] 8 9 ] A ] 12
TOP VIEW
% [Bdckivard] Barret ‘ [T TForward "
#upar conducting coll Nk
) LLLALD& AAA.AAJJJ,.J L ’
\uu.:h { m?n T 7& : \3, BEBEp,
R 7] E‘?L / /77770
NS AR L-.._:_'l_'_' LL T f_ ZdL .._.(_.':_;._, AR
| o
| " coc EE %%
SVD o PXD(2 layers | lﬁ/ég )
) N | 88 = |l 2 | |
- | ™3 = : = _. ===
'\ SVD - =
] | T IP Chamber ———__\ |— | —}
573(Cryosial | 600(Cryostat) =~ 8| :_::.__ -
B ! cDc JalEH ) —
< ST T~
F . /} \ : — -
] iwhinpiEaing /72000 SINTEITTATIRNINAY: " INNRSN NS SSNSSSSSSS & -
T e TR 3NN
SVD: 4 DSSD lyrs = 2 DEPFET lyrs + 4 DSSD lyrs | K )
CDC: small cell, long lever arm _
ACC+TOF - TOP+A-RICH < In colours: new
ECL: waveform sampling (+pure Csl for endcaps) components
KLM: RPC = Scintillator +MPPC (endcaps, barrel inner 2 lyrs) T 0




Belle IT Detector — vertex region

p
Beryllium beam pipe 7
2cm diameter 1
Vertex Detector

2 layers DEPFET + 4 la
.

i 4 £}
¥ o

-"77;""L-'; Beam Pipe
| DEPFET

Layer 1
Layer 2

Layer 3
Layer 4
Layer 5
Layer 6

r=10mm

r=14mm
r=22mm

r= 38mm
r= 80mm
r=115mm
r = 140mm




lixel detector: 2 layers of DEPFET =~ »= ™. 27 >
Sensors a4

Mechanical mockup of the pixel
detector

oo, DEPFET sensor (Depleted
ssssss 'j’_ P-channel FET)

First laser light observed with the -
full size sensor http://aldebaran.hll.mpg.de/twiki/bin/view

/DEPFET/WebHome




SVD: four layers of double-
sided silicon microstrip
detectors.

Production well under way!

- [S—
( L5Ladde>

L6 Ladder

(Kavli IPMU)".

FWD module

(HEPHY)

- BWD
L4 Ladder
(TIFR) BWD module
L3 Ladder

(Melbourne)

Cooling pipe

FWD module .

s
(Pisa) ‘ .
BWD module .
(Pisa) .

Peter Krizan, Ljubljana

Cooling pipe

Cooling pipe



ing of the SVD

Mak
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Expected performance b

O=da-+ A
ppsin” 6
) . ) N' | Impact parameter resolution z0 | .
Significant improvement £ v . Pixel detector close
- - S BT to the beam pipe
in vertex resolution! S Rl
S E Belle I’
z \,\\f olle IT
Less Coulomb X \\\ .
scattering S e
L e A‘ 7‘_‘:}%;‘;,77
0 0.5 1 1.5 2 25 3

pp*sin(0)*” [GeVic]

0 1.0 2.0
pBsin(6)2[GeV/c]

Significant improvement in §S(K.n%) *' ..

"\ q, 250MBB

Ks track T
B vertex:’

z = IP profile 1| /

10

Larger radial

B decay point reconstruction coverage of SVD

with K trajectory

10 1 10
L(ab™)

rewe nnizan, Lyuwijana 47



Belle IT CDC

Wire Configuration

Present CDC )

— 250 mm —

Wire stringing in a clean
room

e thousands of wires,
e 1 year of work...

Peter Krizan, Ljubljana



Particle Identification Devices

Endcap PID: Aerogel RICH (ARICH)

Barrel PID: Time of Propagation Counter (TOP)

/ \

Aerogel radiator
n~1.05

5 55 55 55 55 5

Hamamatsu HAPD

Focus mirror
MCP-PMT (sphere, r=7000)
I
Backward ; E d
WEE Quartz radiator  _ °M°¢ _
Focusing mirror
Small expansion block
Hamamatsu MCP-PMT (measure t, x and y)
AT TA YA T T T T L | | (2880 4 g [ J
J 80 "-.' bl | 2870 /| T
ﬁ A T840 uuEE 111 177 )
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Belle I

Aerogel RICH (endcap PID)

S— - - [ RICH Hit Map, w.r.t. track | rich_2d_1
| Entries 412449

Mean x -0.09929
Meany -0.4320

RMS x 4324

PP AR P EPRPE B S
-100 -50 0 50 100
Cherenkov angle distribution

= Entries 64801
Mean 0.3092
: RMS 0.07449
6000— 1 %2 ndf 143.5/28
. | constant 6129 = 39.4
— mean 0.3067 = 0.0001
5000 sigma 0.01348 = 0.00007
C BG const -192.6 = 20.5
4000 BG slope 1715+ 69.4

B 1

- # of tracks : 2700
. 3000 # Photons : 41339.7 +- 227.3
RICH Wlth a novel - Photonitrack: 15.31 +- 0.08

- BG /track : 2.00 +-0.03
2000

H e T U e e e
D'D' 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

“focusing” radiator —
a two layer radiator

v

Employ multiple layers with
different refractive indices=>
Cherenkov images from
individual layers overlap on the
photon detector.

6.6 0 t/K at 4GeV/c!
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>
wamd  Radiator with multiple refractive indices

OHELLE

How to increase the number of photons without
degrading the resolution?

- stack two tiles with different refractive indices:

normal “focusing” configuration
n1= nz n1< n2
Iy

Iy

/

- focusing

Such a configuration is only possible with aerogel (a form of Si,0,)
— material with a tunable refractive index between 1.01 and 1.13.




D>

/> Focusing configuration — data

OHELLE

Increases the number of photons without degrading the resolution
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ARICH: Rings from cosmic ray muons

One sector of the ARICH has
been instrumented.

Peter Krizan, Ljubljana
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Cherenkov detectors

— Barrel PID: Time of Propagation Counter (TOP)

Focus mirror

Endcap PID: Aerogel RICH (ARICH)
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n
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MCP-PMT (sphere, r=7000)
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Backward . Forward
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Small expansion block n~1.05
Hamamatsu MCP-PMT (measure t, x and y) Hamamatsu HAPD
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DIRC (@BaBar) - detector of internally
reflected Cherenkov light |

Support tube (Al) - ! .
PMT + Base
~11,000
PMT's

Quartz Barbox - -

Compensating coil

Assembly flange
Water

Standoff box

Light
Catcher *

I"n.

Al

17.25 mm Ar
(35.00 mm rAd)

Bar Box
Track /
Trajectory ]

Wedge
)/ | PMT Plane/ﬁ \
_--T8 Water \
= /
£ Stand off Box (SOB
7 ! P (SOB)
A , —91 mm-— 10mm
|—3m N\ 1.17m -

4 x 1.225 m Bars
glued end-to-end



Belle IT Barrel PID: Time of propagation (TOP) counter

ff Quartz bar

k=]
T

Lrop (MS)

Array of

fast PMT's §r

e Cherenkov ring imaging with

e Uses internal reflection of Cherenkov ring images from quartz
like the BaBar DIRC.

e Reconstruct Cherenkov angle from two hit coordinates and i Mt,'_,;,;s;_x
the time of propagation of the photon
— Quartz radiator (2cm thick) _

— Photon detector (MCP-PMT) m

e Excellent time resolution ~ 40 ps G'f":‘;"""'"""'"Il"l"”'3”"':‘””""”}"5;#}}}5”

e Single photon sensitivity in 1.5

er Krizan, Ljubljana



Barrel PID: Time of propagation (TOP) counter

MCP-PMTs Quartz Mirror

Example of Cherenkov-photon paths for 2 GeV/c TT* and K*.

|
Peter Krizan, Ljubljana



TOP image

4 o o ~J Co

Lrop (MS)
L
o (=]

(o}

Number of photons

oc Sqfor ¢ o0 ¢ 0[‘§I'0£"0

0.006

0.005

0.004

0.003

0.002

0.001

6000

8000 10000 12000 14000
time (ps)

16000

Pattern in the
coordinate-time space
(‘ring”) of a pion
hitting a quartz bar
with ~80 MAPMT
channels

Time distribution of
signals recorded by
one of the PMT
channels: different for
n and K (~shifted in
time)
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TOP and CDC: installed,
cablingof CDC alm_ost finished |

i -
]
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CDC, stand-alone cosmic test in spring

Excellent performance!

Position resolution

Layer 55 After calibration
— 500 . SN Primary ionization statistics
= - Electron diffusion in gas
2450
o i = N Electronic noise
400 Electric field distortion

350
300
250}
200/
150
100F

501
Py e - | |

A-rarvordoraseerdopaera-bairoryobyepgey-byepgey-byepgepbyepy
0 01 02 03 04 05 06 07 08 09 1
Drift Length [cm]

24thB2GM

Position resolution at good region: 80-150um, it depends on layer.



VXD (= PXD + SVD) Interaction Region Components

2-phase CO, cooling unit (,IBBelle”)

built at MPI in collaboration with
CERN / Nikhef (~same as ATLAS unit)

Cooling power > 2 kW fully comissioned
at MPI (needed for PXD/SVD : 360/750 W)

IBBelle has arrived at KEK on Oct. 20

VXD thermal management mockup for CO2
cooling studies: original sizes and materials

Test installation into
Belle Il : Nov. 2016



SuperKEKB/Belle II Status

Commisioning (Phase 1) of the main ring (without final quads)
successfully carried out from Feb 1, 2016 — end of June! Interaction point

detector: instead of Belle II, a commissioning detector — Beast II.

Add final quads in until end of 2016

Belle II: installation of outer detectors: early summer — december 2016
Belle IT (without the vertex detector) roll in March 2017, cosmic rays
Phase 2 commissioning Nov 2017 — spring 2018 (+ first physics runs)
Install vertex detector summer 2018

Full detector operation by the end 2018 (Phase 3)

Peter Krizan, Ljubljana



The Belle Il Collaboration

A very strong group of ~650 highly motivated scientists!



SuperKEKB luminosity projection
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Summary

Physics of B mesons has contributed =~ "5 © 77 Tty
substantially to our present understanding of elementary
particles and their interactions

B factories have proven to be an excellent tool for flavour
physics as well for searches for new hadronic states, with
reliable long term operation, constant improvement of the
performance, achieving and surpassing design performance

Super B factory at KEK under construction - SuperKEKB+Belle
II, L x40, construction at full speed

Expect a new, exciting era of discoveries, and a friendly
competition and complementarity of Belle II, LHCb and BESIII

A lot of interesting challenges and discoveries for HEPHY!



