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Asymmetric B factories: flavour physics at

GELLE

. Js=10.58 GeV

the luminosity frontier

BelleflIE2S

o c

—— Y(4s) -
BaBar p(e)=9 GeV p(e*)=3.1 GeV By=0.56
Belle p(e)=8 GeV p(e")=3.5 GeV By=0.42

To a large degree shaped flavour physics in the previous decade




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)

PR — e
( @ | uminosity frontier -
~ - 8 (super) B factoriﬁs _ d
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CP violation in the B system and unitarity triangle

B > J/W KO

- More: talk by Marcel Merck yesterday

Peter Krizan, Ljubljana



B factories: CP violation in the B system

CP violation in the B system: from the discovery (2001) to a precision
measurement (2011).

EPS 2001 EPS 2011
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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>1tv, 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



(fb™)

Integrated luminosity at B factories

1200 — Fantastlc performance far beyond design values!
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>1ab™!
On resonance :
Y(5S): 121 fb !
Y(4S): 711 b’
Y(3S): 3fb!
Y(2S): 25 b *
Y(1S): 6 b}
Off reson./scan:

~100 fb~?

~ 550 fb™!
On resonance:
Y (4S): 433 b’
Y(3S): 30 fb '
Y(2S): 14 fb!
Off resonance:
~ 54 !



Advantages of a B factory in the LHC era

e 3
Cher 0.00 Cier 0.0
BELLE 90 Doetis—0- Mgl 0. BFieinL. -
Prot(cr) 0.0 Erotlgm) QOSVD-M 0D DKM~ 0
-

Bt — D't
(— Kn~ntn™)

BT — 1(— evi)v

Unique capabilities of a B factory:

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

—> High flavour tagging efficiency
—> Detection of gammas, n’s, K;s

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

An example of the power of a B factory: 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

,,,,,,, <j B>X, | v,

(8GeV e+(3 5GeV) B>Dtv, Tv
Y \./' "
ffline B B ®. full reconstruction
e s -ar | B>Dr ete. (0.1-0.3%)

Powerful tool for B decays with neutrinos, used in several
analyses
—>unique feature at B factories

Peter Krizan, Ljubljana



B2 1 v,

Example of a missing
energy decay

BT — D%t
(— K ntn™)

BT — ‘T(—> eUD)U

BELLE

Exp 33 Run

678 Farm G Event 1707493
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Charged Higgs limits from B — 1t~ v,

Measured value

2
- BF(B—>7v) _ . m; tan? 5
" BF(B > 1), m?

—> limit on charged Higgs mass vs. tanp
(for type 11 2HDM)

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

B factories: Exclusion plot
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B — D(tv decays

Semileptonic decay sensitive to charged Higgs

B(B — Drtv)
B(B — D/{v)

R(D) =

T.Miki, T.Mimuta and
0.8 M.Tanaka: hep-ph 0109244.

Complementary and competitive with B—1v
1.Smaller theoretical uncertainty of R(D)
2.Large Brs (—1%) in SM

3. Differential distributions can be used to discriminate W* and H*
4. Sensitive to different vertex B—->1 v: H-b-u, B=>Dtv: H-b-C MH

(LHC experiments sensitive to H-b-t)

First observation of B - D*tv by Belle (2007) - PRL 99, 191807 (2007)



B -K®vy |
arxiv:1002.5012

al.,

JHEP 0904, 022 .(2009)
g
— Theory

SM: penguin + box diagrams
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B — hvv decays

Method: again tag one B with full reconstruction, >
i ) .. . 0]
search for signal in the remaining energy in the -
calorimeter, at E;., = 0 %
o
>
Ll
Present status: recent update from Belle
6x10™4, . .
e Previous Belle analysis v e UA T
——==—— New Belle analysis Eec, [GeV]
5x1 0_4 ] . S M
- i Nng -
2 41074 - 13.37} % (stat) & 2.3(syst)
= L Sstar+sysf = 2.00
O 3x1074+ a /o
®
S - . _  BelePhys Rev D87 111103®) (2013)
®  2x1074- NV TN
1074 - T - - \/ .
- — o — i
0 l‘l -

K+ K*+ KsO K*O pi+ rho+ pi0 rhoO phi
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Charm and t physics

B factories = charm and t factories

Charm and t 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 ab!)

—> This will of course remain true for the super B factory

A few examples of the strengths of B factories:

CP violation in charm at B factories (and super B factories) ->can measure
CPV separately in individual decay channels, n*n-, K*K-, K7 ,...

DD pairs produced with very few light hadrons

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,

Recoil method in charm events:
* Reconstruct D, to tag charm, kaon to tag strangeness

Additional light mesons (Xg,,) can be produced in the fragmentation
process (=, 7w, ...)

2 step reconstruction:

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

Within the inclusive D, sample search for D, decays

o D. — pv: peak at mf, =0in M2, (Diag K Xerag v 1)

mMI1ss

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



Fit to the missing mass squared — M2, .(Dyag KXragy ™)
D; — u'v, JHEP 1309, 139 (2013)

Sigmal
True I, Background
Combinatorial Backzround

@
o
|

Selection:

° Mmiss { Dtag Kxfrag":f] Sigﬂﬂl

Events / ( 0.01 GeV?)
-
=]

region
@ 1 charged track pointing to 20

the IP
@ passing muon PID _ 5ﬂ

requirements =y IR TP P LY

; E 0 it P A il e
) -0.2 0 0.2 0.4 zn.a
Miss(D,, KX iragth) (GeV?)

NExel 489 4 26

D;—pr

_ Belle @ 913 fb—1
B(D — pv,) = (0.528 4 0.028(stat.) + 0.019(syst.))%

Most precise measurement up to date.

A. Zupanc (KIT) D; — £v and fp_ CHARM2012, May 2012 14 / 30

1 8mB(Ds — fvy)

: fp. =
Extract f, : Gemy (1 B %ﬁ'_) V| Mp.1p.




Rare t decays

Example: lepton flavour violating
decay T — U Y
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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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LFV and New Physics
i §7/ 123l,In —= -

2 ()
T Zixﬁl(él\ p(€)

. S~
B SUSY + Seasaw(M; )sus

B Neutral Higgs mediated decay.
B Large LFV Br(z>puy)=0(10-7~9) B Important when Msusy >> EW scale.

T2ly

UL of BR

( 2) \ Br(r > 3u) =
m: )., |(1Tev
B £10°x 2 tan? 2 6 4
r(r = 11y) [ 7 J[msusvj an’ 3 4X107X[(mi2)32J(tanﬁ) [1ooeevj
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A . .
6 Upper limits
o8 PP model Br(toy)  Br(z—lll)
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{ J
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8 B factories O
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B factories and hadron spectroscopy

The series of discoveries started with the observation of the . meson in
B > Kn, decays.

Ne = N.(2S) the first radially excited state of para-charmonium

bueacd roees hadrmoanis
¥

m A1)

head rovees hadroms ¢ radiative

Je _ g—+ 1—— o++ ] ++ 1+ 7 ++



B factories and hadron spectroscopy

The series of discoveries started with the observation of the n.' meson in
B > Kn, decays. >

The first exotic state was X(3872) — again found in B = K X(3872) decays
400 | l l I ‘ I I I ‘ I I I ‘ I I I ‘ I I

Molecular state?

% © ¢ —>wmy/y  PRL 9L, 262001 (2003) -
> - most cited Belle paper! -
o L ==Y
5. 200 — g |
Q L ]
i)
[ L
2 X(3872)
0 i

oL o~

0.40 0.60 0.80 1.00 1.20

M(r" T JAy) - M(Jhy) (GeVic?)

It turned out that we have just opened a door to a gold mine!

Peter Krizan, Ljubljana



New hadrons at B-factories

(fb™) Z_*(4200)

R hc(1P/2P Z,*(10610)
1 Oun _ S Zb+(1 0650)

Y(4660) Molecular states?
Y(4008)
< J(2860) |
D,,(2700)
E(;’*(2980/3080)
X(3940) Y(3940) N

*(2800) _,

11[;(15)

Y(4320)

/ xcz O A B Tetra-quarks?
Y(4260) | =N
/—| X(3872)
| ' D, ,(2317/2460)
0L ™ e 1 & e*e"Dccce
1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1

200 |

Coloured boxes: exotic candidates




Advantages In searches for new hadrons

Clean environment:

- Can look for new states in an inclusive way (e.g. Y(5S) = h, &t «)
9
- Can reconstruct one resonance, look for the recoiling system
(e.g.ete 2> Jy + X)
9
- Detection of gammas, n°s

Peter Krizan, Ljubljana



Observation of h,(nP) in Y(5S) decays

h,(nP): (bb), S=0, L=1, JPC=1*-

Inclusive search in| Y(5S) |>|n+m-|....
I <~ Only two charged pions used

MM(m+7-) =V ( PY(SS) — Prin)?

background subtracted distribution

o | O Significance
‘;; s0000L 121 .4 bl ; ; l 4 w/ systematics
5 [ ' | | 1

< [ : : Q

5 00| s | l E h,(1P) 5.5¢c
S |

hp(2P) 11.26

20000 |

PRL108, 032001

10000 [

0

1 |
10.4
MM ('), GeV/c?

h, production is enhanced (despite of the spin flip between Y(5S) and h))
—> the mechanism of production is exotic —> look for resonances in & h,
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<o Observation of n,(nS) in h, decays
Inclusive search in Y(SS) |- ... E?(rr?;;o'z’:)%r;oguzjgn L =0, JPC=0—~

Use only two charged I
pions and a gamma Y(5S) = hy(nP) =, |
h,(NP) =2 v 1p(n‘S)

—
o

hy(1P) = v n,(1S) iw First evidence for 1,(2S)
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BELLE

Inclusive search in M(h,n*) = MM(n")

Observation of charged Z, states: resonant
substructure in Y(5S) — h, (nP) n*n

measure Y(5S)—h,nw
yield in bins of MM(n)

S12000F h

b (IP)n

Z,(10610)

Z,(10650)

MM(r), GeV/c?

M =10608.1 + 1.7 MeV
[' =15.5t 2.4 MeV

M =10653.3 £ 1.5 MeV
I' =14.0+£ 2.8 MeV

| .. 20f
H 10F

p

80

Exclusive searches:
Observed in Y(5S) —» Y(1S) n+7-,

Y(2S) n+n- and Y(3S) n+n-

70
60 [
50
40
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- X2 = 57.1/54

%

1 | 'I | I
“an an -

'signals
o T

1 L | I 1 L 1

reflections

10.4 10.5 106 10.7 10.8

M(Y(2S)m), GeV

Seen in 5 different final states,
parameters are consistent

JP=1*in agreement with data;
other JP are excluded




Z,* properties

Must be an exotic state (a charged bottomonium-like state must at least have the
bbud content)

e Z,7(10610): mass very close to the BB* threshold
e Z,7(10650): mass very close to the B*B* threshold

Analysis of angular distributions suggests JP=1* for both states.

Observation of dominant Z, decays to BB* and B*B*
e Z,%(10610) - BB*, BR = (82.6 +- 3.7)%
e Z,%(10650) - B*B*, BR = (70.6 +- 8.6)% arXiv:1512.07419 (submitted to PRL)

consistent with a molecular nature of the charged bottomonia (Bondar, Garmash,
Milstein, Mizuk, Voloshin, PRD84 054010)

Observation of a neutral partner of Z(10610) in
e 7> Y = decays with 6.5 sigma significance
PRD 88, 052016 (2013) (arXiv:1308.2646)

Peter Krizan, Ljubljana



Charmonium-like vs bottomonium like

Interesting to compare the observed exotic charmonium-like states
with bottomonium-like states.

If the molecular interpretation is right, the spectra close to the
open charm and beauty thresholds should be similar.

-> Investigate charged charmonia

... again have to be exotic (such a state must at least have the
ccud content)

Molecular state or tetraquark?

Peter Krizan, Ljubljana



Charged charmonium in Y(4260) - J/@ n*

Look for a resonance in J/y wt

o Syt ete”

cl N

W c

€% Y(4260) «— a€" 3
i) ol

o 2

/7]

Y(4260) produced via ISR (Initial &
State Radiation) T

Observed also by BES IlIlI.
They also found a peak in (DD*)* at

3885 MeV
PRL110, 252001 (2013)
PRL112, 022001 (2014)

Several more states, no time to discuss...

70f
60
50
40F
30
20~ T/
105/}

Found! -

-4~ data
=—Fit
— Background

<+« PHSP MC

M,ax (TJAp) (GeV/c?)

Z.*(3895)

PRL110, 252002 (2013)

very similar to
Y(5S) 2 Z,* > Y(1s) n* w




Charged charmonia in B - charmonium + © + K

More charged charmonium-like states!

B = K X: an excellent tool for 40
production of charmonia and

20

charmoniumlike states: essential in 7 |
observation of n, and X(3872) 30 |
25 | | *
I

Belle observed 4 charged peaks in B
decays to charmonium + © + K

cc=J/W = Z.+(4200)
cc=W' > Z.*(4430)
3.8 4 RV TEY

cc=X., = Z.*(4050), Z. +(4250)/v %- J
~4 M(x. m+) GeV/c?

Z.*(4430) confirmed by LHCb R. Mizuk et al. (Belle) PRD 78, 072004
C .

15
10

Events / 0.024 GeV/c?
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I

-t J/Y recoil method

The idea: reconstruct J/y, calculate the

mass of the recoiling system.

First used in the discovery of an

unexpectedly large double charmonium

production in e*e- = cccc

In the recoil mass spectrum, Belle
observed the peaks of charmonium C=0

states and discovered X(3940).

This reaction challenged our

understanding of perturbative QCD.
Leading order prediction was O(0.1) of
the observed value. NLO calculations

‘almost' solved the discrepancy.

N.B. Such a study can only be done at a B factory!
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I

B ete” 2> J/y D) D)

SELLE

Reconstruct J/y and D or D*, calculate the mass of the recoiling system.
- Confirmed X(3940) and found one more state at 4156 MeV.

Nt.l
‘ > M = 39427 £6 MeV

= —27+
W [ . o 2] [y =37+26 £12 MeV
= 00T (Jy D) =
= DD : X(3940) — DD"
g 40 __ \ L 10
Zz || 693fbt '

M= 415625415 MeV
T = 1397111421 MeV

—-61 —

x?lao) — D'D"

_"i
e i B ke kel X E X |

1. 1. 1.6 - .B - 2 22 ) . o 2.6 2.8 P By s o
) 2 4 4.5 5
I""‘Ilras.--:-:'il{‘J-"l"~|-Ir D } GeV/c M(D'D') GeVic?

Future prospects at Belle-11: Full reconstruction of x. or n, will allow to
exploit the recoll technique and scan the charmonium(-like) C=-1 states.




What next?

Next generation: Super B factories - Looking for New Physics

- Need much more data (almost two orders!)

Super B factory: also an excellent tool for studies of exotic hadrons
A new feature: very strong competition from LHCb and BESIII

Still, e*e- 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)



Need O(100x) more data =>Next
generation B-factories

Peak Luminosity Trends (e'e” collider) SuperKEKB
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| How to do it?
- upgrade the existing
KEKB and BeIIe faC|I|ty
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http://www-acc.kek.jp/KEKB/pictures/KEKB_photo/KEKair2005/KEKair2004-04H.jpg
http://www-acc.kek.jp/KEKB/pictures/KEKB_photo/KEKair2005/KEKair2004-04H.jpg

The KEKB Collider

Fantastic performance far beyond design values!

- e (8 GeV) on e*(3.5 GeV)
e Vs & My(4s)

e Lorentz boost: By=0.425
- 22 mrad crossing angle

SCC RF(HER) Belle detector

| i _,. \“‘- /
: J e

Peak luminosity (WR!) :

%in? b : 2.1x10% cm3s?

ARES(LER) ol =2x design value
res RF cavity

Q@ — e+ source _ _
\ First physics run on June 2, 1999
Last physics run on June 30, 2010
Lpeak = 2.1x10%/cm?/s

L > labl!
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How to increase the luminosity?

Super
KEKB
», uest for BSM

Beam-beam parameter

Lumi. reduction factor

| orentz Beam current
factor \
\4 * e+ \
o 1.5 | R
L = —ye?i 1 -+ 1 ._g*d L A
2er, o, o N R: )
A A K >y

(crossing angle)&
"~ Tune shift reduction factor

Classical electron
radius

Beam size ratio@IP
1 -2 % (flat beam)

(1) Smaller B~
(2) Increase beam currents «
(3) Increase &,

(hour glass effect)
0.8 -1
(short bunch)

Vertical beta function@IP

4
R
3
-
-
P
-

“Nano-Beam” scheme

Collision with very small spot-size beams

Invented by Pantaleo Raimondi for SuperB




Super

How big Is a nhano-beam ? <KEKB
~ 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 are much thinner than a
human hair...

o,~100um,c ~2um oy~10pum,c,~60nm

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

Peter Krizan, Ljubljana



) ) Super
Machine design parameters @ﬂ

param eters
Beam energy Eb
Half crossing angle ()
Horizontal emittance Ex
Emittance ratio K

Beta functions at IP Bx'/By"

Beam currents b
beam-beam parameter Cy
Luminosity L

e Nano-beams and a factor of two more beam current to increase
luminosity

e Large crossing angle
 Change beam energies to solve the problem of short lifetime for the LER




Super
KEKB

uest for BSM

New superconducting
/permanent final focusing
guads near the IP

New beam pipe
& bellows

Replace short dipoles
with longer ones (LER)

' H%%H#H '
P ovemiae

Redesign the lattices of HER & M. ”“\‘{H—ﬂ 4

LER to squeeze the emittance ' 1

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

electrons to inject

LA R N R
Add / modify RF systems -
for higher beam current

Positron source

New positron target /
capture section

[NEG Pump]

To get x40 higher luminosity




== VAR % a1 9
~ Installation of HER wiggler chambers
A AT '

Installation of 100 new long
LER bending magnets

- - -!ﬂ:fll"ﬁ'“"' Jﬁ |

Add / modify RF systems
for higher beam current

Low emittance =
positrons to inject

Damping ring tunnel

Low emittance gun

Low emittance
electrons to inject
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Belle IT

<D Requirements for the Belle Il detector

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 < sup 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.

Belle Il TDR, arxiv:1011.0352v1[physics.ins-det] L.. _ A




Belle Il Detector

KL and muon detector:
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC (end-caps ,

i ér 2 barrel layers)

EM Calorimeter: s
CslI(Tl), waveform samplifig (ba
Pure Csl + waveform sa \\\&\‘\'\:\\\

A\

ification
igation counter (barrel)
J Aerogel RICH (fwd)

electrons (7GeV) —

p
Beryllium beam pipe
2cm diameter

Vertex Detector
2 layers DEPFET + 4 la)

.

positrons (4GeV)

Cal

Central Drift Chamber~ =
He(50%):C2Hes(50%), small ce
lever arm, fast electronics




D

Belle 11 Detector (compared to Belle) =

Belle I
1 ] 2 | 3 4 5 & | 7 | @ 9 10 1" l 12
TOP VIEW
A ||| Backward (TTTHITTT Barret Forward A
Quper conducting coll KM
Y .|" VLI L L L L
‘ |
! CcDC
SVD PXD(2 layers)
i - —-\_“\3: Small|cell chamber g% =
:—,.':I "\ 'sVD -
E - IP Chamber
573(Cryostat) | 600(Cryostat)

. | cpc

] : A : : SN

| R o ;IR s );;" 'v ,u" ,'? T ll: . i '.IT.I;i&Ei :\\ tmﬁl \ h\ M = B
SVD: 4 DSSD lyrs = 2 DEPFET lyrs + 4 DSSD lyrs ’
CDC: small cell, long lever arm

—H—Mi L]

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)




Belle 1l Detector — vertex region

p
Beryllium beam pipe

2cm diameter /
Vertex Detector /
2 layers pixel (DEPFET)

+ 4 layers DSSD

_"-:' Beam Pipe
| DEPFET

Layer 1
i Layer 2
| DssD

: Layer 3
Layer 4
Layer 5
Layer 6

r=10mm
r=14mm
r=22mm
r= 38mm
r= 80mm
r=115mm
r=140mm




Pixel detector: 2 layers of
DEPFET sensors

DEPFET sensor: developed
at MPI Munich, produced
at HLL

Mechanical mockup of the pixel
detector

drain

http://aldebaran.hll.mpg.de/twiki/bin/view
/DEPFET/WebHome

—>Talk by Dima Levit

A

with the

First laser light observed
full size sensor

49

Peter Krizan, Ljubljana



SVD: four layers of silicon
microstrip detectors.

L6 Ladder

(Kavli IPMU)’ -

L5 Ladder
(HEPHY)

FWD module

L4 Ladder

(TIFR) BWD module
-

L3 Ladder Q ',@

(Melbourne) Na

Cooling pipe

FWD module

Cooling pipe
(Pisa)

Cooling pipe

BWD module “ .
(Pisa) ”

Production started!

Peter Krizan, Ljubljana



Belle Il CDC

Wire Configuration

Present CDC _

— 250 mm —

Wire stringing in a clean room

e thousands of wires, | o |
- 1 year of work... Being commissioned with
cosmic rays.




Particle Identification Devices

Endcap PID: Aerogel RICH (ARICH)

— Barrel PID: Time of Propagation Counter (TOP)

MCP-PMT

1
Focus mirror L
(sphere, r=7000)

A 4

—

Backward .
" Quartz radiator

Small expansion block

Focusing mirror

Hamamatsu MCP-PMT (measure t, X and y)

Forward

5 5% 55 5% 5% 5

Aerogel radiator
n~1.05

Hamamatsu HAPD

-+

- > ‘)/ \ﬁ" N
- s -

rap 30
-' e .'-‘_

L1k T I 1T & -
e o .'.H,.'.'.' o AR RER AR, ¢ | a8 | O e T T F A T A S R R, il
\ i | 1
\ TOF support bracket \ TOP QBB{Quartz bar box) >~
P 777min. / 800max. 1 1590 69 ¥
1000 1650 (20)
ope 2so JIP-T
o IDS{Inner detector support) and COC-SC{Support cylinder):t ol =
; [=] ea[
L |
E w E
=
[+

Aerogel radiator

«—> Hamamatsu HAPD + readout

— \= 200

Peter Krizan, Ljubljana



D

<D Aerogel RICH (endcap PID)

Belle I

—_ - [ RICH Hit Map, w.r.t. track | Hich2dC

Entries 412449

Mean x -0.00929
Meany -0.4329
RMS x  43.24
RMS y

Clear Cherenkov image observed

T A B I B e A
-100 -50 0 50 100
Cherenkov angle distribution
: _ | caoos |
so0or . 6.6 on/K at
so00- 4GeV/c!
4000— | BG slope 1?15;59.4 I
. 3000 :— # Pho,:o:fs‘:a;k;s;.z:f?227.3
RICH with a novel g
“focusing” radiator — 2000 E—
- 048
a two layer radiator 1000

: . 05“0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.5 1
Employ multiple layers with
different refractive indices—>
Cherenkov images from
individual layers overlap on the

photon detector.

Peter Krizan, Ljubljana



D

wamd  Radiator with multiple refractive indices

OELLE

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

- stack two tiles with different refractive indices:

normal “focusing” configuration
n,=n, n,<n,
Iy

Ve
»‘ << >

- 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.




/o Focusing configuration — data

OELLE

Increases the number of photons without degrading the resolution

. . z X/ ndf 2467. / 116 | I ‘
4cm aerogel single index » sios, | £ e
P2 02965 |
P3 0.2072E-01
Ry} 2 il P4 85.32 L
/ 4000 | PS5 796.0
L
] nf=7.69
2000 | -0.2
\ nb=1.09
-0.4 s
0 1 1 1 i :
0 0.1 0.2 0.3 04 0.5 -0.4 -0.2 0 0.2 0.4
0 (rad) tx(rad)
theta cerenkov ring in cerenkov space
2+2cm aerogel = o [ S
PI 7289. | =
P2 0.3074 |
ni [ nz ny<n, P3 0.1428E-01
oo r P4 74.49
Ps 884.4
— 4000
[~
nf=7.46 :
2000 _/\——t:b:(iji—J 02 F
0 1 1 L1\\' B i -

9 N I M A548 (2005) 383 0 0.1 0.2 0.3 04 etl(mafjj -0.4 -0.2 0 0.2 I;.j’fad)



Cherenkov detectors

Barrel PID: Time of Propagation Counter (TOP)

Focus mirror
(sphere, r=7000)

—

Forward
Focusing mirror

MCP-PMT

Backward .
" Quartz radiator

Small expansion block
Hamamatsu MCP-PMT (measure t, X and y)

Endcap PID: Aerogel RICH (ARICH)

A 4

5 5% 5555 5% 5

Aerogel radiator
n~1.05

Hamamatsu HAPD
+ new ASIC

Lo | [ 2980 L . ey FY W N S N\
".I Voob ool | 2870 | I'Llc:"; ! s s / e f.-'aﬂ-‘:_-" P
| 940 | T 7] ] ]/ 19307 L el A7
L HENNNNY. AVAN AVAVAV AV 4V ///
T % T T o
% E,l £ -:::i:::: - Barrel PO e e

\ TOF support bracket \ TOP QBB{Quartz bar box)

777min. / B00max. 1590

L]

1000 1650

cDC

IDS{Inner detector support) and COC-SC{Suppornt cylinder):t

280

Pre-amp

Endcap PID

\\ RitaseAce | T T T T U

Aerogel radiator
+—>

200

Hamamatsu HAPD + readout

Peter Krizan, Ljubljana



DIRC (@BaBar) - detector of mternall |

Support tube (Al) -

PMT + Base
~11,000
PMT's

Quartz Barbox = -

Compensating coil

Assembly flange
Water

Standoff box

Light
17.25 mm Ar Catcher

(35.00 mm rAd) Bar Box

Track [
Trajectory E ]

Wedge
X !
- w "

I"n.

Photon Path \ \
\

PMT Plane / \

Water ||

(Mirror \‘
uartzs, Bars Y e /
| Qua W /-smnd off Box (SOB)

/ | /
: ‘ 91 mm—- ~10mm |
’i_sm ,\\-. abe- 117 m '-:

4 x 1.225 m Bars
glued end-to-end



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

ff Quartz bar

Lrop (MS)

R~
T

Array of

fast PMT's St

e

e Cherenkov ring imaging with

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

= Reconstruct Cherenkov angle from two hit coordinates and il H,,_,'_Q%T"«;\
the time of propagation of the photon
— Quartz radiator (2cm thick) _

— Photon detector (MCP-PMT) | n

e Excellent time resolution ~ 40 ps ) ST

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



m 0

TOP Iimage

a n o, ==l Ca
T T

Ir:ll-t”'; f(”._'q:,.l

k=]
T

b
=1

l;-

ar ¢ 0 & 0r-<r-a

fio

Number of photons

»‘...5.’

&

0.006

0.005

0.004

0.003

0.002

0.001

—_— s — —

'__‘,_—n-———

Patterns for = and K

/

| |

u.lqu [Flm. I:JL VN

-H}U[}

6000

8000 10000 12000 14[}11{}
time (ps)

l 6000

Pattern in the
coordinate-time space
(‘ring’) of a pion and
kaon hitting a quartz
bar

Time distribution of
signals recorded by
one of the PMT
channels: different for
n and K (—shifted in
time)

Peter Krizan, Ljubljana



EM calorimeter: upgrade needed because of higher rates
(electronics = waveform sampling) and radiation load
(endcap, replace some fraction of crystals Csl(Tl) = pure Csl)

&

ey

EM Calorimeter:
Csl(Tl), waveform sampling (ba
Pure Csl + waveform sa \\\\N‘\\\\\

g |
\\\\\\\\\\\\ P —




Detection of muons and K s: parts of the original RPC system
have to be replace because they could not handle the high
background rates (mainly neutrons)

K, and muon detector:

Resistive Plate Counter (barrel)
Scintillator + WLSF + MPPC (end-caps +
_parrel) s

&/

NN I,
NN NN I,

Deplet@n
Esp 3 Fun 52 Farm 2 Event 10267 ceoLy Regio
n Eher 8.00 Eler 350 Dote/TIME Wed Jun 9 $1z23204 199% Trk E Trsta  Priroatsh 2 Hm

] Trall 1 amA F 411 9 4
2 4m1 158 97 b oq

4 Jd4H 187 A8 0 4 ’

4+ 403 182 HFE 0 0 PEEEEEEESESSeSS ¢ - FASAAARRRRRRRREEREEEEEEEESEEE
:hrg Trk ) 5 Q08 Wm0 523 o4 4
hats  Phi aee taf rud B Q181 280 H3 7 4
Bzd 3EA 1 1 3 7 O M7 IGO0 4
SRS 153ZE L 2 O A 0477 4% MIE C 4
9 M 51T SE 6 4
a&1 535 6B B 4
BO1E 595 1820 2 4
[E1 FAT 3451 0 4
221 a1 b1 4
, 84, 3NE 44
4. L 3 4
M4 LA




Muon detection system upgrade In the endcaps

Scintillator-based KLM (endcap in inner layers of the barrell part)

e Two independent (x and y) layers in one superlayer made of
orthogonal strips with WLS read out

e Photo-detector = avalanche photodiode in Geiger mode (SiPM)
e ~120 strips in one 90° sector |

(max L=280cm, w=25mm) hy-Strip
e ~30000 read out channels pla\ne
e Geometrical acceptance > 99%
Iron plate  X-strip
Mirror 3M (above plane

groove & at fiber end)

Optical glue increase the o
light yield ~ 1.2-1.4) Aluminium frame

WLS: Kurarai Y11 J1.2 mm

Diffusion reflector (TiO,) Strips: polystyrene with 1.5% PTP & 0.01% POPOP




The Belle Il Collaboration

A very strong group of ~680 highly motivated scientists!



SuperKEKB/Belle 11 Status

Commisioning (Phase 1) of the main ring (without final quads) starts
Feb 1, 2016 - next week! Interaction point detector: instead of Belle |1, a

commissioning detector — Beast II. -
Add final quads in summer 2016

Belle Il: installation of outer detectors: spring/early summer 2016

Belle 11 (without the vertex detector) roll in autumn 2016, cosmic rays
Phase 2 commissioning autumn 2017 — spring 2018 (+ first physics runs)
Install vertex detector summer 2018

Full detector operation autumn 2018 (Phase 3)

Peter Krizan, Ljubljana



detector

. the commissioning

Beast |l

[

o, L

It
.\._w‘

VA ;




Outer Detector Installation

2

A platform for the TOP detector practice installation

Peter Krizan, Ljubljana



SuperKEKB luminosity projection

Goal of Belle II/SuperKEKB

2
0
@]
c
=
)
©
O]
e
@©
| .
(@)
O
-
c

(ab™?)

9 months/year
|20 days/monfh

3 next WeekI

5 Shutdown

14 2016 2018 2020 2022 2024

Calendar Year

Peter Krizan, Ljubljana



EPS 2001 EPS 2011

Summary

® 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 2010-15 - SuperKEKB+Belle
Il, L x40, construction at full speed

® Expect a new, exciting era of discoveries, and a friendly competition and
complementarity with LHCb and BESIII

Super
KEKB

uest for BSM




Additional slides

Peter Krizan, Ljubljana



B(*)B* molecular interpretation

Bondar, Garmash, Milstein, Mizuk, Voloshin
PRD84 054010 (arXiv:1105.4473)

| | Y(?S)
2,)=75 008105 1,20, 11.5GeV ===
1 - - 1 - _
7 >:T0bh®].Q;+T]J)b®OQ; Y(SS)
WP;U) _Obb 0g 2]bb ].Qq
Y(5S)
1 V3 ,
Wbu) ZEO ®0{)q D) La®10q
W) =1, 81
m{’>=(]¢b®]{)qJ° /p /
T > o
; ----F---- . e —————r aa B*B*
TLRRE T l Yp Prospects for Belle 11:
Yn  Vhyr Yo Y search for the predicted
Tb® - TP " men | neutral states .
EEEN Yf;ﬁ'll rp
B/’ ®
.......... _ BB
Zb EEEE WbO xb Wb1 Wb2

0-(1*) 1*7(1*)  0%*(0*) 1(0*) 0*(1*) 1(1*) 0%(2*) 17(2*) 0-(1) [5(JP)



A new charged charmonium in B = J/g n™ K

o (a) 1.2 GeV¥e* < ME(K 1) < 1.432° GeVarc!
2 = o 200 B RELIMINARY
O - > 180¢ H
BT ==
> $ O 140F il T
= 2
NE ; 1205—
16258 ::E; 100
& 80F
14 605—
L ] Tieg 40HR
12" % e, > =
Wi e i R e e N e
g5 1 L6 2 25 34 36 4 45 = a6 B 22
M?(K,mt), GeV?/c? MR(J/y,), GeV/ct
i IVSi MA(K.x) >3.2 GeV?/c*
e 4D amplitude analysis e
s + + o s Additional Z
e 10 K* resonances, Z*(4430), Z+(4200) = new § % S4s0) only !
e 6.60 significance N 49
— 31 +17 8 af
e M= 4196 4:29 :'5_3 MeV/C2 % 305
e ['=370+ 70 */ZMeV S
o JP=1+ 100 _
D: mi
K. Chilikin, R. Mizuk, PRD 90, 112009 (2014) il et L R

M?() /w.m), GeVZ/c?



B factories and hadron spectroscopy

B factories have found most of the still
missing pieces in bottomonium and
charmonium spectra.

Belle, Babar, BES-111 and LHCDb are
studying a plethora of new states, the so
called XYZ mesons, which require a
spectroscopy with new degrees of freedom
(tetraquarks, molecules, hybrids).

Many new questions arose from
unexpected states near the open
charm/beauty thresholds.

A lot more to be explored with
considerably larger data sets!

N | Title Year | Cites
1 | X(3872) 2003 | 739
2 | Large CPV 2001 | 618
3|B— X,y 2001 | 381
4 [ CPinB"B° 2002 | 326
5 | DO mixing 2007 | 292
6 | Y(3945) 2005 | 290
7| B— TV 2006 | 277
8 | 2c 2002 | 272
9| b— sy 2004 | 265
10 |D>(2317), D41(2460) 2003 | 258
11 | D** 2004 | 249
12 | Z(4430) 2008 | 235
13 | Dy 2006 | 221
14 | X(3940) in 2cc 2007 | 204

N.B. Table needs updating...

8 out of 14 most cited Belle
papers are spectroscopy related




Entries/20 MeV/c*

Entries/20 MeV/c?

22
20
18
16
14
12

—
NO N B OO

(N

25

20

15

10

Double-charmonium production in Y(1,2S) decays

IIIII|III|IIII]II|III|III|III|IIIIIII|III|I

Preliminary
*——Y(1S) data

—— fit p.d.f.

total bkg
continuum bkg

—

.6 2.8

M

recoil(

3 3.2 34 36 38 4 4.2
Jhy) GeVic?

IIII|IIII|IIII|IIII|I

ul'.'nmd.i-ﬁ--u'l--
2242628 3 323436 38 4 4.2

Preliminary

—-Y(2S) data
— fit p.d.f.

total bl

continuum bkg

f
kg

M

(Jhy) GeV/c?

recoil

» Reconstruct J/y, look at the recoil mass

* One significant channel observed
* In good agreement with theory (NRQCD)

D

<O

BELLE

Channels N X (o) Br(x1076) B (x1076)
T(1S) = J/U + e —50+63 — <2.2 3.973%
Y(1S) = J/¥ + Y0 6.0+56 1.3 <34 1.3
Y(1S) = J/U 4+ Xe1 19.9+6.2 4.6 3.98 +1.24 +0.22 4.9
T(1S) = J/¥ + X2 —32+40 — < 1.4 0.20
T(1S) = J/i + 1. —214+60 - <22 2.0}
T(1S) — J/1+ X (3940) 19.0+87 28 < 5.4 ~
T(18) = ¥’ + 1, ~50+39 - < 3.6 1.7135
T(1S) = ¥ + X0 21+41 0.6 < 6.5 —
T(1S) = ¢ + xa 0.2+36 0.1 < 4.5 -
T(1S) = ¥ + xo —6.7+ 2.3 - < 2.1 -
T(1S) = ¢’ + 1. —57+33 - <32 08754
T(1S) — ¥ + X(3940) —59+40 — <29 —
Y(2S) = J/U + 1. 16.34+11.9 1.9 <54 2.6
T(2S) = J/¥ + X0 78495 1.1 <34 1.1
T(2S) = J/U + Xe1 —4.4+6.6 - < 1.2 4.1
T(2S) = J/¥ + X2 21+74 04 < 2.0 0.17
T(2S) = J/v + 1. —38+108  — <25 1.3%24
T(25) — J/1+ X(3940) 0.7+121 0.0 < 2.0 —
T(2S) = ¥ + 1 —04+79 - <5.1 11118
T(25) = ¥ + X0 26+57 06 < 4.7 ~
T(2S) = ¥ + xa —2.84+4.2 - < 2.5 -
T(2S) = ¢ + x -133+48 - <1.9 —
T(25) = ¢’ + 1. -30+59 - <33 0.5
T(2S) — ¥+ X(3940) —03+71  — <39 —
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