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B factories: a success story

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

® QObservation of direct CP violation in B decays

® Measurements of rare decay modes (e.g., B>tv, Dtv) by fully
reconstructing the other B meson

® QObservation of D mixing
® CP violation in b—=>s transitions: probe for new sources if CPV

® Forward-backward asymmetry (A) in b—>sl*l- has become a
powerfull tool to search for physics beyond SM.

® (Observation of new hadrons



B factories: open questions

® Several issus have not been fully understood

® Need much more statistics (x100)!

List a few of them -
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A (B>K* IT I)[g?] at a Super B Factory

q°(GeV?/c?)

» Zero-crossing g for Agg will be
determined with a 5% error with 50ab-!.
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Strong competition from LHCb and ATLAS/CMS
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Search for NP: b—sqq
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Charged Higgs limits from B > 1t v,

m, tan S+ m, cot B

If the theoretical prediction is taken for fg -

- limit on charged Higgs mass vs. tanf
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B—oK®) vv

B Proceed through electroweak penguin + box diagram.

B Sensitive to New Physics in the loop diagram.

B Theoretically clean: no long distance contributions.

B May be sensitive to light dark matter (C. Bird, PRL 93, 201803 (2004))

No sensitivity to light
dark matter (M<10 GeV)
in direct searches

http://drmtoc|s. browned
Caitskell&andid

DAMA Nal
ion

(normalised to nucleon)

b — s+ Missing E
may be enhanced by
" this extra diagram.

10
WIMP Mass [GeV]



B—K® vv : prospects for 10/ab

B Assuming no changes in the analysis & detector:

Theoretical
Prediction

K—71r + Missing E

10/ab Excl.

1.5 2
nig (GeV/c?)

with the same P*(K) with a lower P*(K)
threshold (1.6 GeV) threshold (0.7 GeV)
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LFV and New Physics

Y T U
7 § T93|,In hQ\\/;,u(S)
T (Tn?)&(el - S~
m SUSY + Seasaw ' B Neutral Higgs mediated decay.
W Large LFV Br(t>uy)=0(10-7~9) B Important when Msusy >> EW scale.
Br(r —> 3u) =
Br(r — uy)810° x[<mtz)32 ][1T6Vj tan® g 41077 X[(mé )32 ](tan ﬂf [loOGeV T
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SUSY+S0(10) 108 10-10
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Non-Universal Z’ 10-° 108
SUSY+Higgs 10-10 107
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Precision measurements of t decays

LF violating Tt decay?

Upper limits Theoretical predictions compared
® uy to present experimental limits
m TUN
A TUUN SU3)Evg , Non-degenerate (I)
B factories | ng=4x10" GV tan B = 30
Belle, BaBar)
-7 2018
10
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8 =
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SUSY+Higgs Super ctory
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10 '
07 107 |
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Reach of B factories i) [GeV]
Upgraded KEKB T.Goto et al., 2007
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e Physics at a Super B Factory

e There is a good chance to see new phenomena:
— CPV in B decays from the new physics (non KM)
— Lepton flavor violations in t decays.

e They will help to diagnose (if found) or constraint (if not
found) new physics models.

e Even in the worst case scenario (such as MFV), B>tv, Dtv
can probe the charged Higgs in large tanp region.

e Physics motivation is independent of LHC.
—If LHC finds NP, precision flavour physics is compulsory.

—If LHC finds no NP, high statistics B/t decays would be an
unique way to search for the TeV scale physics.
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Super B Factory Motivation 2

e Two lessons from history: the top quark

Physics of top quark b yot~  d Vg Vo Vi
First estimate of mass: BB mixing > ARGUS _
. . . w—  Ywt VCKM_ Vcd Vcs Vcb
Direct production, Mass, width etc. - CDF/D0O 3 - ;
Off-diagonal couplings, phase - BaBar/Belle & @ Vs Voo
o ¢ ome ¢ ¢ ~
e b } } XXX I—

150 -

$§ Tevatron
SM constraint
68% CL

z
N
=
M, [GeV]

100 1 1

Direct search lower limit (95% CL) 1

50 T T T T
1990 1995 2000 2005
Year

e There are many more topics: CPV in charm, new hadrons, ...
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- € (8 GeV) on e*(3.5 GeV)
SCC RF(HER) Belle detector * VS R My(gs)

* Lorentz boost: By=0.425
- 22 mrad crossing angle
- Operating since 1999

Peak luminosity (WR!) :
2.1 x 103 cm=st

.I"‘!.-...

/‘ e
ARES(LER) L. d

Ares RF cavity

Qg — e* source

)
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‘ The KEKB Performance

Luminosity Records:

m Peak L = 2.1x1034cm™2s1 (2x the design value)
m Daily fLdt = 1.5 fb1 (2.5 x the design value)

m Total fLdt ~ 950 fb1 (as of July 2009)

Luminosity of KEKB
Oct 1999 June 2009 Crab Crossing ;
E“‘TED . - : . ; : : : : R R
g E‘]D
x T g
$e° g
NE

il . |I |
ohomps 1;1;2002 1f1f20U4 1!1f2006 1f1f2008
1/1/2000 Continuous Injection Update: 6/16/2009 8:31 :14
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RF deflector

lcrab cavity)

Kick

-~

Kick

ﬂfgw

- head-on collision

h

o)

crossing angle

Installed in KEKB (Feb. 2007)
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Luminosity Prospects

50
45
40
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30
25

20
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10

3year shutdown

folr upgradel

Final goal: L~8x103°> cms!

1 50ab by ~2020

2010

2012

1 | 1
2014
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1 | 1 1 1 | 1
2018 2020
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Beam-beam parameter

Lorentz Beam current

factor \ \

(crossing angle)&
Rg}, . Tune shift reduction factor

(hour glass effect)
Classical electron 0.8 ~1
radius (short bunch)

Beam size ratio@IP Vertical beta function@IP
1 ~2 % (flat beam)

( RL \ Lumi. reduction factor
.

(1) Smaller B, < Nano-Beam

High-Current < ., , . "7 Option
Option

(3) Increase ¢,
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Slightly smaller 8, Smaller B,
6.5(LER)/5.9(HER)— 3.0/6.0 6.5(LER)/5.9(HER)— 0.21/0.37
Increase beam currents Slightly increase beam currents

1 8A(LER)/1.45A(HER) — 9.4A/4.1A  1-BA(LER)/L.4SA(HER) — 3.6A/2.1A

Increase ¢, Close to original KEK design

0.1(LER)/0.06(HER) — 0.3 or more ~ ccP &
0.1(LER)/0.06(HER) — 0.09/0.09

Evolution of design in

original Letter of Intent Proposed by P. Raimondi et al.,
(Lol) for SuperKEKB along with Crab Waist, for use at
(2004) the SuperB in Frascati

Decision expected by the end of 2009
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KEKB

Design
By* (mm)(LER/HER) 10/10
g, (nm) 18/18
k(%) 1
G, (um) 1.9
g, 0.052
G, (mm) 4
Ibeam (A) 26/11
I\Ibunches 5000
Luminosity (1034 1
cm?s?)

KEKB Achieved
(): with crab

6.5/5.9
(5.9/5.9)
18(15)/24
0.8-1
1.1

0.108/0.056
(0.101/0.096)

~7

1.8/1.45
(1.62/1.15)

~1500

1.76
(2.08)

SuperKEKB
High-Current
Option

3/6

24/18
1/0.5
0.85/0.73

0.3/0.51
5(LER)/3(HER)
9.4/4.1
5000

53

SuperKEKB
Nano-Beam
Scheme

0.24/0.37

2.8/2.0
1.0/0.7
0.084/0.072

0.09/0.09
5
3.6/2.1
2119

80

High Current Option includes crab crossing and travelling focus.
Peter Krizan, Ljubljana



Colliding bunches
Belle

~

New Superconducting
/ permanent final
focusing quads near

New IR

I' New beam pipe NanO'Beam

| & bellows

Replace Iong TRISTAN

\ ¢ SuperKEKB

N
e L
Il 3

Redesign the HER arcs to squeeze ,& #*\4—

the emitance.

[NEG Pump) Low emittance gun > Positron source
ject New positron target / capture
section
#*

[SR Channel] L= Y+ 1+ O‘.V f RL \_

SR - % -
Beam Ch I

[Beam Channel] zere Ux Ry )

TiN coated beam pipe with
antechambers
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Crab Waist :The SuperB solution

—

¥
A”/'zo-‘z' ZEZNZENZ Oz fﬂi_
T X ¢piw
. Crab waist: modulation of the y-waist position, particles collides a

same S, realized with a sextupole upstream the IP.

. Minimization of nonlinear terms in the beam-beam interaction:
reduced emittance growth, suppression of betatron and sincro-
betatron coupling

. Maximization of the bunch-bunch overlap:
luminosity gain

. Low wall power

SuperB and Super c-71 are based on the crabwaist concept invented in
2006 by P.Raimondi in 2006.

TESTED IIN LNF WITH DAFNE (500 MeV beams)

@

LP 2009 August 20,2009 Marcello A. Giorgi
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Beams distribution at IP

E. Paoloni

Without

Crab-sextupoles

With

Crab-sextupoles

£\
LP 2009 August 20,2009 Marcello A. Giorgi Sl 8



Accellerator parameters

Energy GeV 4x7
Luminosity 103%/cm?/s 1.0
Beam currents A 2.0x2.0
Npunches 2400
Ey* (L/H) pm 714
Ex* (L/H) nm 2.8/1.6
By* (L/H) mm 0.21/0.37
Bx* (L/H) cm 3.5/2.0
Sz (L/H) mm 5/5
Crossing angle (full) mrad 60
RF power (AC line) MW 26
Tune shifts (L/H) 0.125/0.125
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| sPARX
future




Or FRASCATI

With slightly difterent
parameters

LP 2009 August 20,2009

Marce

=’




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

» Higher background

- radiation damage and occupancy

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

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

- low p pidentification — sup recon. eff.
- hermeticity — v “reconstruction”

Peter Krizan, Ljubljana



SC solenoid
1.5T N

u/ K, detection

14/15 lyr. RPC+

New reac
and
compu

systems

Be

le Upgrade for Super-B

Csl(TI) 16X,

bure

Csl (endcap)

‘ kov counter

> “TOP” or DIRC
+ Aerogel RICH

2

ie/C,Hg
inner lyrs. /
Si r<20 cm




e Sensors of the innermost layer: ' SEETE
. . . NS
Normal double sided Si detector wp oS ///—‘\\\
(DSSD) — DEPFET Pixel sensors // / ///j\\\\ \\\\
o Configuration: 4 layers — 6 layers : W /)/’ } ’
(outer radius = 8cm—14cm) — .| \ \ \\\v Y //
— More robust tracking N \\\\_—/// /
— Higher Ks vertex reconstruction efficiency . \\ //
e Inner radius: 1.5cm — 1.3cm -
— Better vertex resolution Slant ::ayer to keep the
. acceptance
+ Strip Readout chip: VAITA — APV25 0 e
— Reduction of occupancy coming from i, £ §> -----
beam background. ; —_— — X
— Pipeline readout to reduce dead °rF ,__._*—2p|xel layers
time. wf ? ,,,,,,,,,
-3'0- i -ZIO- P -1I0. PRI 6 MY .1I0. P .ZIO- i -BIO- PR -40
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p-channel FET on a completely depleted bulk

Depleted p-channel FET

A deep n-implant creates a potential minimum FET gare amplifier
for electrons under the gate b sk - clear gate
(“internal gate”) " clear o et

} >
e
e

Signal electrons accumulate in the internal
gate and modulate the transistor current
(g, ~ 400 pA/e)

Accumulated charge can be removed by a \ "°%P N-doping
clear contact (“reset”)

e
Inferngl gq.l.el

depleted
N-Si bulk

Invented in MPI Munich

Fully depleted: | ~ Transistor on only during readout:
— large signal, fast signal collection |5\ power

P back contact

Low capacitance, internal _
amplification —  low noise Complete clear ==p no reset noise

Peter Krizan, Ljubljana



P , | Very preliminary

g (single tracks, no background)

%m N \ et 20.deg DEPFET:

“ oo G0 L1 1.3 cm (32pm x 50pm)

gl \L N\ L2 1.6 cm (32um x 50um)

't \ _ conventional thickness: 50um, noise 100e
/ strips (SVD2)  pssp  L3/L4/L5/L6:

EPRET \\ \ 4.5/7.0/10/13.8cm
N‘ (50pm x 75um)
thickness 300um,
| GeV noise 1600e
— "'1 — beam pipe radius:

Impact parameter resolution 1cm (Be with 10mm Au layer)
(dots: DEPFET)

Substantial improvement compared to Belle SVD2
PXD will be delivered by European groups

Peter Krizan, Ljubljana



Why excellent particle identification?

Remember B> decays: B->nK rate 10x bigger than B> nr!

(@))
o

Events/(0.02GeV)
N
o

=
o

o)
o

N W
o O

o
—
T

(a)q = +1

— Total

T

..... Kn

By o
N L T
0 0.2 04
AE (GeV)

Events/(0.02GeV)

D o))
o o

N W
o O

o)
o

=
o

(b)g=-1
— Total
T
..... KTC
to 1
L T A
0.2 0.4

o
-

AE (GeVbE (GeV)

- We would see no effect without excellent PID!
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= Particle identification systems in Belle /DO

BELLE

(14/15 layers RPC+Fe) Aerogel Cherenkov Counter
-~ (n=1.015-1.030)

Silicon Vertex De
(4 layers DSSD

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

"Central Drift Chamber
(small cells, He/C,Hy)

ToF counter

1.5T SC solenoid

Peter Krizan, Ljubljana



D Present Belle: threshold Cherenkov counter

i ) ACC (aerogel Cherenkov counter)

K (below threshold) vs. © (above) by properly choosing
n for a given kinematic region (more energetic
particles fly in the ‘forward region’)

=1.028 Barrel ACC n=1.013 TOR/TSC
Y\, 60mod. = 2 ﬁO}mnd; Ji
Detector unit: a block =\ i At Eee —

| 240mod. 240mod { 360mod
of aerogel and two \ S R ek o = T
fine-mesh PMTs S I :

12
— 25" FM-PMT N -,.-f-*‘“"

CZEMPMT

o

Finemesh PMT

/ M il
3
e ,‘
{/ y
- .
™
it
L
1
|
. L}
\
]

Fine-mesh PMT: works in high B fields

Peter Krizan, Ljubljana



-
Lo

=@ Belle ACC : threshold Cherenkov counter

bl ] 1 (Nl

expected yield vs p NIM A453 (2000) 321

aerogel n=1,010

vield for 2GeV<p<3.5GeV:
K expected and measured
number of hits

normalized photon yield

n: p

n=1,010 (A)

® K
A T

histo.MC

oSS

4 4.5 5
p (GeVic)

Entries/pe/track

oot
O e b Lo da Ly O8N B0 O~

0

10 20 30 40
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Two new particle ID devices, bot/h RICHes:

Barrel: TOP orfocusing DIRC

Endcap: proximity focusing RICH

Peter Krizan, Ljubljana



I

o4 Endcap: Proximity focusing RICH

K/m separation at 4 GeV/c:
0.(r) ~ 308 mrad (n = 1.05)
0.(n)— 0.(K) ~ 23 mrad

aerogel photon detector
For single photons:
Cherenkov photons, - 50 .(meas.)=c, ~ 14 mrad,
st typical value for a 20mm thick
—}ecfszzcharged particle > radiator and 6mm PMT pad size
............... o
e P k- Oltrack =
DA er track:
oA N pe
2cm 20 cm

Separation: [0(n)—0.(K)]/Gack

~ 5o separation with N,.~10



-
Lo

T Beam tests

bl ] 1 (Nl

pion beam (n2) at KEK

B k|

Photon detector: array of N )
16 H8500 PMTs o1 ; 2



< Beam test: Cherenkov angle

Ym™ resolution and number of photons
NIM A521(2004)367; NIM A553(2005)58

Beam test results with 2cm thick aerogel tiles:
>4o K/m separation

(a) Cherenkov angle

} Number of hits

(b
400 =

800 F o= =0.322 rad
800 Fo,=14.8 mad n Go™
700 15mrad

cth&:- =B.2

Entries

0 0.2 0.4 0.6
8 (rad) N

- Number of photons has to be increased.

Peter Krizan, Ljubljana



How to increase the number of
photons?

What is the optimal radiator thickness?
Use beam test data on o, and N,

13

T e n=1.05 A =45
§ === n=1.05A =30
= 12— n=105A =20
%-.30 § N
@ v —
E ‘g 11} Otrack _00/‘/( pe)
- &
Zam s 10}
8r 9 L
6 -
st ©n=1.056 — 8t
an=1.051 -
0 N=1.047 - il
o L 1 1 1 1 4 7 "
0 10 20 30 40 50 60
thickness (mm) 2F °© n=1.056, A=30.0mm —
An=1051,A=183mm - 6 . . . .
0 L . - L : 0 10 20 30 40 50
0 10 20 40 50 60
thickness (mm) thickness [mm]
Minimize the error per track: Gtrack=C0/ V(Nye)

Optimum is close to 2 cm



< Radiator yvith m_ultiple
i 1 refractive indices

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

- stack two tiles with different refractive

normal indices: “focusing” configuration
I"I1= n2 n1< n2
1% 1
- I —<< >
\\ \\

—> focusing radiator




Radiator with multiple refractive indices

Such a configuration is only possible with aerogel (a form of Si,O,)
— material with a tunable refractive index between 1.01 and 1. 13

N4

N2

A=tz R 1 primary globule

secondary globule
oY 1-~2nm

~50nm at maximum

/N

E’wta]bg’aph}rwx-ﬂw Drffraction Leboratary,
ta of Sciance of Material, Barcelors



Aerogel RICH — test results

=z
6000

4cm aerogel single index

Ny

Ny

n

1=Nz

4000

2000

I\

M

z 8000
2+2cm aerogel

6000
4000

|1

~
2000
0

¥/ ndf 2467. / 116

- Pl 5495.

P2 0.2965

P3 0.2072E-01

P4 85.32

I P5 796.0

nf=7.69
1 1 L

0 0.4 0.2 0.3 0.4 05
0 (rad)

theta cerenkov

B X/ ndf 1095. / 116

- Pi ﬂ 7289.
P2 0.3074
P3 0.1428E-01
P4 74.49
PS5 884.4

nf=7.46

i nb= 0.83

[.\' ..... P . L1\\’

0 0.1 0.2 0.3 0.4

ty(rad)

ty(rad)

-04 0.2 0 0.2 04
tx(rad)
ring in cerenkov space

0 0.2 0.4

' >NIM A548 (2005) 383



Multi-pixel photodetector to measure single photon
positions in B=1.5T

>HAPD

>MCP-PMT

—->G-APD

Amas
DODDD
Do

|

DODDE

LRDDD
)

LD

| g
| -] - .
E— B

DD

| B, .

l

G

E

- ..

i

B

LD

E—- B

E e
E| m|
B

Photon detectors for the Aerogel RICH

7an, Ljubljana



SiPMs for Aerogel RICH

Main challenge: R+D of a photon

SR : First Cherenkov photons
detector for operation in high magnetic (]
fields (1.5T). Candidates: observed with SiPMs!

60 1 |7 | | S AL L L 2
N RMS 0.249

n Background 51.49+ 1.80
50 Gaus 42.82 + 2.40

*MCP PMT: excellent timing, could be also
used as a TOF counter

aof

30F

HAPD: development with HPK
*SiPMs: easy to handle, but never before N
||car| Fnr sinale photon rlai-nrhnn (hinh o010z 0304 05 ae 07 05 09 1

A T VE DI 3 \ |.J INVJUUVUI T UL LU ULIVIL \Illgll
dark count rate with single photon pulse ~NIM A594 (2008) 13

height) - use a narrow time window and
light concentrators

SiPM or combine a lens
PCB and mirror walls




Detector module for beam tests at KEK

SiPMs: array of 8x8 SMD mount

Hamamatsu S10362-11-100P
with 0.3mm protective layer

-----
------
--------
------

= w w
S CRCICACACACAC Y
Ta s E e

CICICICICACA A Y

e

.Huulm MLM.L,,_
.IUHI@ m..lj H,,

2Cm

SiPMs + light guides






Cherenkov ring with SiPMs

Peter Krizan, Ljubljana



photon detector

Linear-array type z X T iA

e Cherenkov ring imaging with Lo
e Reconstruct angle from one coordinate and the
time of propagation of the photon

— Quartz radiator (2cm)
— Photon detector (MCP-PMT) o
e Good time resolution < ~ 40 ps

. Sinale photon sensitive under 1.5 T
K .':." T

Cuartz bar

Array of

N i ._,..-'.".':f-' i M"\\_‘
fast PMT's
"
G P 1

20-15-10 -5 0 5 10 jr; 20
x fcm)
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SuperKEKB is a lab priority.

The Japanese government has allocated 32 oku-
ven ($32 M, €23 M) for upgrade R&D in FY
2009, as a part of its economic stimulus
package.

KEK has submitted a budget request for FY 2010
and beyond of $350 M for construction.

We are proceeding with R&D while awaiting
approval of the construction budget request.
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m Belle II is a new international collaboration
— Regular collaboration meetings (next 18-19 Nov 2009)
— Significant European participation (A, CH, CZ, D, PL, RUS, SLO)

IRELAND

® Belle II =T uaE,) | CERNAW,
member . o, EEQUM ) '. -y g VA8
® Active in ' S @ S RePuile sSlovaks, [
detector . ) Tl e T Nl
R&D - AN LTTMJJ Al I.'”-:'H.I: SUNGARY
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M Belle II is a new international collaboration.

FHAnT New Collaboration (Belle IlI)

— Significant European participation (A, PL, SLO, D,

CH, CZ) e —

— Regular collaboration meetings (next 18-19 Nov
2009)

B Near-term plan ﬁ

— Detector study report has been completed.
Belle II webpage
— Detector proposals (by Dec. 2009). http://superb.kek.jp/
— TDR by March 2010 Mailing list subscription is
available.
| 2009 2010
110 |11 12 J 1 1 2 13 14 1516 17 181910111 12 |1 ]2]3 | R
KEKB operation . .
Detector proposals Internal review
T < -
Kick-off ‘meeting T
(Dec 08) TDR
>
Actions to invite new collaborators
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Summary

® B factories have proven to be an excellent tool for flavour physics, with
reliable long term operation, constant improvement of the
performance.

® Major upgrade in 2009-12 - Super B factory, L x10 - x40

® Essentially a new project, all components have to be replaced, nothing
is frozen...

® A physics reach update is being prepared — to be made public soon

® Expect a new, exciting era of discoveries, complementary to LHC

® You as young flavour theorists could be an important part of it!




Back-up slides
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3 years shutdown

=

Luminosity gain and upgrade items
(preliminary)

Item Gain Purpose
: high current, short bunch,
beam pipe x 1.5
electron cloud
IR(B",,=20cm/3 mm) x 1.5 small beam size at IP
low emittance(12 nm) mitigate nonlinear effects with
x 1.3
& v, — 0.5 beam-beam
, mitigate nonlinear effects with
crab crossing X 2 R
pediti-pedirl
RF/infrastructure X 3 high current
o R
DR/et source x 1.5 !OYV B . Injection, Improve e
Injection
charge switch X ? electron cloud, lower e* current
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Super-KEKB (cont'd)

B Ante-chamber /solenoid for reduction of electron clouds

NEG Channel
Ante-chamber
with solenoid field

X o5mr

Beam
SR 7 %
[Beam Channel] [SR Channel] Cooling Channel
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