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= Why? - Roadmap of B Physics
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breaking mechanism
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-;,ﬁ‘ Fundamental Questions in Flavor Physics

L T
Are there New Physics Phases and New
sources of CP Violation Beyond the SM ?

Experiments: b->s CPV, compare CPV angles from tree and loops

Are there new operators with quarks
enhanced by New Physics ?

Experiments: Acg(B>K'l I), B>K = rates and asymmetries

Are there right-handed currents ?
Experiments: b>s y CPV, B>V V triple-product asymmetries

Are there new flavor changing

neutral currents ?
Experiments: b>s v vbar, D-Dbar mixing+CPV+rare, T -Dpy

These questions can only be answered at a Super B Factory

Peter Krizan, Ljubljana
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Super B Factory Motivation

[T femw
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» Physics beyond the Standard Model (SM) must exist. matter
— finitem,

— gravity no antimatter

 If the LHC finds New Physics at the TeV scale,

— its flavor structure must be examined experimentally. A super B
factory is the best tool for this purpose.

cf. Physics of top quark

First estimate of mass: BB mixing > ARGUS
Direct production, Mass, width etc. - CDF/DO0
Off-diagonal couplings, phase - BaBar/Belle

« If the LHC finds nothing but a SM-like Higgs,

— searching for deviations from the SM in flavor physics will be
one of the best ways to find new physics.
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=im New physics effects in B physics

Different New Physics scenarios G.Hiller
and their effects in B decays.

little Higgs W. 2

MFV UV ﬁx S22 gcnc:'ic Little Higgs
ED e “’M 0“ 3_' guu.ut, hD w. SM n bulk
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SM like B physinf:s new physics in B data




i=fig= A Broad Unbiased Approach to New Physics

v experiments,
LHC, ILC 9,-2, u—ey, ete.

\ /

Mass spectrum; v mass and mixing,
interactions CPV, and LFV

Quark sector

T LFV, Flavor mixing,
t CPV | CP phases

Super B factory,
LHCb, K experiments...
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bt CPV in b - s and diagnosis of new physics
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Expected precision at 5ab-!

Many other examples of using correlations to distinguish new
physics scenarios have been examined.

T.Goto, Y.Okada, Y.Shimizu, T.Shindou, M.Tanaka (2002, 2004) + SuperKEKB Lol
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Super-B and LHCb: complementary

» | Clean environment > measurements that no other experiment can
perform. Examples: CPV in B > ¢K?, B - n’K? for new phases, B -
K% for right-handed currents.

- | “B-meson beam” technique > access to new decay modes; proof B - rv

Example: discover B> Kvv. — SweKEKBaSpay” - LHCb (o2
+  Measure new types of asymmetries ¥\ i o I
Example: forward-backward BS(KS) i o
. ASKKKS) i s)
asymmetry in b > suu, see sk i 9
sin2x(Bs - Jgy) ) HH
- Rich, broad physics program B® S(xwi i )
including 5, © and charm physics Xfy} i
A
Examples: searches for == pyand cuam —— )
D-D mixing with unprecedented ] e g
sensitivity. oo oo M )
sn2g, P
0,7 isospin) n
rozpn) i
k") ) ——
qzz(Bs KK) ) [
9,(Bs - DK) ) I |
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EERaE Comparison with LHCb

Belle 2003 SuperKEKE LHCE
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SuperKEKB Parameters
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Stored current: Beam-beam parameter:
0.057 (KEKB)

1.27/1.7 A (KEKB)
= 4,1/9.4 A (SuperKEKB) = 0.17 (SuperKEKB)

*
[ Ye (1,9 |laSey( Ry
* *
2er, o) By \Ry

Classical electron radius Beam size ratio \

Geometrical reduction factors due to
crossing angle and hour-glass effect

Luminosity: Vertical 3 at the IP:
0.15 x1035 cm~25-1 (KEKB) 5.2/6.5 mm (KEKB)
—+ 3.0/3.0 mm (SuperKEKB)

3.5%10%% ecm~2s1 (SuperKEKB)
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Crab Cavity

a2
EEa e
e ] [ ==
®Crab crossing will boost the beam-beam parameter up to 0.17!
0.2 . . . (Strong-weak simulation) K. Ohmi
g
Yous Head-on(crab)
{Strong=strong simulation)
a1 )
- Crossing angle 22 mrad
0.05
0 ®Superconducting crab cavities are
1+ (mA) under development, will be
AFdedocr installed in KEKB in early 2006.
Kick
o S
- e _J
== ! crosing angls
i

|E| T
K. Hosoyama, et al
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Su perKEKB DeS|gn Interaction Region

Crab crossing

0=30mrad.
‘\I =g SuperBalle By*=3mm
New Beam pipe kgié;'m.m New QCS
8GeV (e+, 4.1A) ( ! Shetoms 3.5GeV (e-, 9.6A)
- —
L&y R * ' v
2er, By R,

Increase beam currents =, ’
1.6 A (LER) / 1.2 A (HER)
— 9.6 A (LER) / 4.1 A (HER)
Smaller B,
* 6 mm—3 mm
Increase &, ‘ L=3.5x1035cm2s"

-—

4 | Linac upgrade

* 0.05—0.28(W-S)
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HEaEE Super-KEKB (cont’d)

» Head-on collision w/ Crab cavity

(b covy W‘ New crab cavity }7
oW T e
“" - ‘=

!
Loc= crossing angie
]

absodber

& oo colision W
H F| L \Will be tested in 2008.

[wave guide dampers.

¢ Ante-chamber /solenoid for reduction of electron clouds

Ante-chamber
with solenoid field

Jr -
[Beam Channel]  [SR Channol] Cooling Channel
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KEKB Upgrade Scenario

Projection of KEKB Luminosity

50: T T T T | T T T I T

asf | Looo = 1.4x10%cm2s™! ~101° BB/ "

wob_| Lux = 330fb-" (Nov.30, 2004) LI
& similar number

tngraed Lamecsty (ogoed)

world records !
; of ¥t

Major upgrade of
KEKB & Belle detector
(>1yr shutdown)

— Crab
cavities
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2 2005 ——ze10 2015
Year
Lpeak (CM28") 1.4x10% 5x1034 5x1038
L 330 fb! ~1 ab"’ ~10 ab"!
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i Belle Upgrade

Csl(TI) 16X,

e Csl (endcap)
aN




Baseline Design of SuperBelle

» Vertexing detector: “striplet” + APV25 or pixel
 Central drift chamber: small cell + faster gas
PID device: TOP(B) + Aerogel RICH(E)

EM calorimeter: Pure CsI + tetrode (E)

« Scintillator K, and p detector (KLM) <— no RPCs
* Pipelined DAQ

» Much bigger computing system
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afiie Proposed Schedule
L T,
Construct. J-PARGQ 1 construction T2K ILC construction
g 2> g
SuperKEKB const.
Operation > <€
fund <‘ =T
Crab|cavity
KEKB \ 2 I A EEV I
machine KEKB 4\ 'T‘ 4\>1o DOfb-1 SuperKEKB
Belle “Minor” upgrade “Major” upgrade
vV, VvV |<€ >

2004 05 06 07 08 09 10 11 12
Calendar year
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i Belle upgrade — side view
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Two new patticle ID devices, both’/RICHes:
Barrel: Time-Of-Propagation (TOP) or focusing DIRC

Endcap: proximity focusing RICH

Course at University of Tokyo Peter Krizan, Ljubljana
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~~~  Proximity focusing RICH
AR . :
in the forward region

LT

K/= separation at 4 GeV/c

;m 20 ecm
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aert_r;el photon detector
0(n) ~ 308 mrad (n = 1.05)
Cherenkov ph ‘.“-":" ec(n)_ OC(K) n 23 mrad
..--:':'f-"'::ii:rgea parice . do (meas.) = 5, ~ 13 mrad
e With 20mm thick aerogel and
R 6mm PMT pad size
- 60 separation with N,,~10

Peter Krizan, Ljubljana
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(i Beam test: Cherenkov angle
resolution and number of photons

Beam test results with 2cm thick aerogel tiles:
>4c K/n separation

(a) Cherenkov angle (b) Number of hits
.E che}:6.2
&
M
a 0.2 0.4 0.6 20
6 (rad) N
-> Number of photons has to be increased.
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e How to increase the number of
L photons?
What is the optimal radiator thickness?
Use beam test data on oy and N, 5 " ons
£ Ble o o
‘; 11 cyzcyO/V(Npe)
s ) 10

©n=1.056 —

& n=1.081 - <
) . @ e 1047 oo =

* * |hi:?<nesssa[mm; 2l /o n= 1056, A=300mm —

) : n= !.0I51. A= 1B.Sr|:|rn ‘ 6” 10 5 35 = 2

v Ihi&nes;o(mm;c thickness [mm]

Minimize the error per track: 6=0y/V(Npe)
mmm)  Optimum is close to 2 cm

June 5-8, 2006 Course at University
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Warom? Radiator with multiple
e refractive indices

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

. measure two separate rings
“defocusing” configuration

ny ny=n

normal

. measure overlaping rings
“focusing” configuration

ny | Nz ny=n; Ny | Nz ny<ny
// 1
""‘“-\ H"‘"‘m
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20cm

8

Photon detector: array of
16 H8500 PMTs 1

June 5-8, 2006 Course at Un
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FOCUSING CONFIGURATION -
data

X/ ndf H67. ¢ 16| 3

Py 5495, = 04
P2 0.2065 -

Pi 0.3072E-01

P4 R5.32

P 6.0

nf=7.69
nh= 109

0 ‘ 2 02 4
B frad) x{rad )
theta cerenkov ring in cerenkov space
= oo | ¥/ndl s 7 6] 3
Pl 7289, z M
P2 0.3074 - =
P3 0.14286-01 saiiia
o & i . - & "Qs'b
Ps B84 3 5
nf=7.46 j
nh=0.83 i SE
%.—1;.7;:&-:&.“'
{4
ol 1, .2 @2 a4
0 frad} txirad)
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Aerogel production R&D

¢ (Colloidal formation

e Treatment for hydrophobic

e Supercritical drying ‘ <

June 5-8, 2006 Course at University of Tokyo

nSi(OR), + 4nH,0 — nSi(OH), + 4nH,O hydrolysis
nSi(OH), — (SiO,), + 2nH,0 condensation

’ H ammonia _ alcohol
.= 3-dimensional network

secondary globule
~50nm at maximum

— Use CO, extraction
— Safer due to low supercritical point
e 31degree & 7.5MPa

cf: methanol: 240degree & 8.1MPa

silica globule (SiO2)n

Peter Krizan, Ljubljana
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Photon detectors

Need: Operation in a high magnetic field (1.5T)
Pad size ~5-6mm

Candidates:
e MCP PMT (Burle 85011)
¢ large active area HAPD of the proximity focusing type

07240, 2 30£0. 5

144-04.8

Multialkali [as RN 4l as]
photocathode : 1

R / VR E

-10kV 16_ ¥
15~25mm E

HAPD R&D project in
collaboration with HPK.
Problems: sealing the tube at the window-ceramic box interface,
photocathode activation changes the properties of APD.

Pixel APD

o Photon detector R&D:
Ene Burle MCP-P}\

BURLE 85011 MCP-PMT:

.multi-anode PMT with 2 MCPs
.25 um pores

.bialkali photocathode

.gain ~ 0.6 x 106

.collection efficiency ~ 60%

.box dimensions ~ 71mm square
.64(8x8) anode pads

.pitch ~ 6.45mm, gap ~ 0.5mm
.active area fraction ~ 52% i

LY (mm)

wn

count rates - all channels: charge
sharing at pad boundaries

June 5-8, 2006 ~Proc. IEEE NSS 2004 o 25

A
EIIX (mm)
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Burle MCP PMT beam test

. BURLE MCP-PMT mounted together with an array of 12(6x2)
Hamamatsu R5900-M16 PMTs at 30mm pitch (reference counter)

124
g
o &0

&0
-25
<50
«75

-1og

<25 o 25 i Fi g b

ring on PMT plane
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afeel  Burle MCP PMT beam test

Resolution and number

of photons (clusters) « 6,~13 mrad (single cluster)

. number of clusters per track N ~ 4.5
. 64~ 6 mrad (per track)
-> ~ 4 ¢ n/K separation at 4 GeV/c

Open questions
Operation in high magnetic field:
.the present tube with 25um pores only works up to 0.8T, for 1.5T need ~10un
.10um version with 4 channels available since June, tests done (J. Va'vra)
Number of photons per ring: too small. Possible improvements:
.bare tubes (52%->63%)
.increase active area fraction (bare tube 63%->85%)
.increase the photo-electron collection efficiency
(from 60% at present up to 70%)
-> Extrapolation from the present data 4.5 ->8.5 clusters per ring
o, 6 mrad -> 4.5 mrad (per track)
-> >5 o /K separation at 4 GeV/c
Aging of MCP-PMTs ?

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
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m TOP counter R&D status

#® Ring Imaging Cherenkov counter
with precise measurement of the Time Of Propagation (and TOF)

» Quartz Radiator & Photon Detector

» Reconstruct ring image from (X, TOP)
TOP = L/vZ(A)
vg(A): The group velocity of light
= Chromatic dispersion:

particle

Peter Krizan, Ljubljana

Course at University of Tokyo

June 5-8, 2006

2

i TOP baseline design

® Radiator: Quartz bar of 255cmb x 40cm" x 2cm' x 18 units in ¢
segmented at 8 = 46° to reduce chromatic dispersion error

#® Photon detector: Multi-anode MCP-PMT at three readout planes
SL10 (R&D w/ HPK) : 5mm pitch linear array, or1s ~ 30 ps.

MCP

y,

= 725mm

X
! - z

i
-k

@ | 22 (eflective area]
. a5 -

Status of TOP Counser, 2005 04 20 Super B-Factory Workshop - p. 422




. Photon detectors for the
m TOP counter

Tests on the bench: amplification and time resolution in high
magnetic field.

3 MCP-PMTs studied: Burle (25 um pores), BINP (6um pores),
Hamamatsu SL10 (6 and 10um pores)

All: good time resolution at B=0, 25um pore tube does not
work at 1.5T - NIM A528 (2004) 763

SL10: cross-talk problem solved by segmenting the
electrodes at the MCP

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
a2 -
i MCP ageing
[ =]

Study tubes with and without protective Al foil (stops
feedback ions to reach the photocathode, but reduces the
photo-electron collection efficiency by 60%) from two
producers, Hamamatsu and BINP, with bi-alkali phocathodes.

Life-Time -Output Charge vs Relative QE-

g
it Al prevention layer 2 LI A peleped A |
p y E 1.2 S & ........ A LYBS{R&EG’QU%@CTQ?QG}' ............. il
™ 1 g ,-'s-'. A __,_ e e =
MCP plates e ’
Anode plate —— Setup was

Al foil is needed A I T T T T T O

0102030 40 B0 60 70 B

June 5-8, 2006 Course at Universi Output Charge (mClcm®)

|

17



