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Super
@L"B B factory physics program

B factory main task: measure CP violation in the system of B mesons

specifically: various measurements of complex elements of
Cabbibo-Kobayashi-Maskawa matrix

w* %i
CKM matrix is unitary S _®<
Vii ™ g.

deviations could signal processes not included in SM 1] 93
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@%w CKM matrix
u c t
d S b

Transitions between members of the same

family more probable (=thicker lines) than
others

—->CKM: almost a diagonal matrix, but not
completely >

—->CKM: almost real, but not completely...
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Super
KEKB
WV, uest for BSM

Unitarity condition:

Unitarity triangle

v, Vb +V.iVe +thVb*:O

Another notation:
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Super
@LKBM Three Angles: (¢,,0,,0;) or (B, a, y)

Angles: measured in CP

. violating processes
Vuqub

VIR
Vchcb

B->DK

Big Questions: Are determinations of angles consistent with
determinations of the sides of the triangle? Are angle
determinations from loop and tree decays consistent?

Peter Krizan, Ljubljana



@E CP Violation in B decays to CP
w4 uest for BSM elgenstates fCP

example: BO>J/W K,
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Super
()i, The KEKB Collider

Belle detector g y 3. 5 GeV
“ 4 .
22mrad crossing angle

SCC RF(HER) =
. . = >

World record:
L =1.96 x 1034/cm?2/sec

ARES(LER)-. L —
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Super
@L"B Principle of measurement

+

. — e Fully reconstruct decay
B ot;\l3 J/\I{ “““ I _ _:>to CP eigenstate

Bep | o T
D e C P.,I:K ........ <n+ """ I ; Tag flavor
I e ———— | ! of other B
= o —— / K™ from

- 9: At=Az/BycC ) S L charges
determined«l=-—=---=-=-"- Salaiahd . of typical
BC(BY) _ U decay

Determine time between decays products
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Super
KEKB
@% Belle spectrometer at KEK-B

u and K_ detection system

(14715 layers RPC+Fe) Aerogel Cherenkov Counter
(n=1.015-1.030)

Silicon Vertex De
(4 layers DSSD

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

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

ToF counter
1.5T SC solenoid

+ an extremely well operating KEK-B collider >
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CP violation in B system:
from the discovery
(2001) to a precision
measurement (2006)

sin2¢,=sin2p from b->ccs

535 M BB pairs

Entries /0.5 ps

Asymmetry

S
Kl CP violation in the B system

[ B — JiyK®

BO tag
BO tag

sin2¢,= 0.642 £0.031 (stat) £0.017 (syst)
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Super

) KRS, All measurements combined...
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P
Contraints from measurements of angles and sides of
the unitarity triangle

- Remarkable agreement

Peter Krizan, Ljubljana



Super
@L"B Consistent picture

0.7 —T T

Relations between

0.5

parameters as expected in .5

=

the Standard model =
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Super

) KERE. Also for us a good reason to celebrate...
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Super
@L"B 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, Dtv) by fully
reconstructing the other B meson

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

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

Observation of new hadrons



Super
@LKB New hadrons at B-factories

Discoveries of many new hadrons at B-factories have shed
light on a new class of hadrons beyond the ordinary mesons.

800 [y e ———— E—
e Y(4660) ||Z(4430) j Molecular stat
£ D, (2860)
Zeoo D_,(2700)
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ahd.more...
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Super
S KEKS. Purely leptonic decay B>t v

e Challenge: B decay with at least two neutrinos

e Proceeds via W annihilation in the SM. Wn
B+
u Vo

e Branching fraction
B(B™ - {p) =

2

G4mpm? m2

o £ 1_—m£ i\
B

e Provide information of fz|V |

— |Vl from B>X, | v =mpfy @ cf) Lattice

— Br(B>tv)/Am, =Vl / Vil

e Limits on charged Higgs

Peter Krizan, Ljubljana



Super
- P Full Reconstruction Method

o Fully reconstruct one of the B’s to
— Tag B flavor/charge
— Determine B momentum
— Exclude decay products of one B from further analysis

Decays of interest

B 7 <j B>X, | v,

o BOKvv
(SGeVﬁg;Z <« e+(3.5GeV) B->D1v, tv
Y(4 \. .
B / full reconstruction
""" o (|B>Dretc (0.1~0.3%)

- Offline B meson beam!

Powerful tool for B decays with several neutrinos

Peter Krizan, Ljubljana



Super

KEKB .
uest for BSM Event candidate B- > 1t v,

Exp 33 Run 678 Farm ¢ Event 1707483
Eher Q.00 Eler 0.0C Mon Feb 8 17z55z46 2004

BEI I E TrglD ODetVer O MoglD 0 BField 150 DspVer 7.50
Ptot(c 0.0 FEtot{gm} 0.0 SVD—M DGCDC—M 0O KLM—M_ 0O

B—l— s D07_r+ W i
(— K wntn)

BT — ‘T(—> euD)U

September 5, 2008 NIKHEF Peter Krizan, Ljubljana



CEKD
>, ulecst I!:S BSM B 9 T V

t decay modes Phys. Rev. Lett. 97, 251802 (2006)
T > uUvv,evy

o vt rv,r TtV : :
*r Obtained Eg ]

— Cover 81% of t decays
— Efficiency 15.8%

Events / 0.1 GeV

Event selection

— Main discriminant: extra
neutral ECL energy

FIt 10 Eegigual 2 17'2+-§}'.37
signal events.

- 3.50 significance ol o T et L
including systematics NIKHEF E.., (GeV)



KEKD
@% B2 1v,

m | BF(B" > r'v,)=(1.797 0 )yx107

2 2
Jgmpm;

(B > rvy=—LV >
87 my
- Product of B meson decay constant f; and CKM matrix element

Vel v, = (10171913 )< 10 Ge

Using |V,,| = (4.39 £ 0.33)x 1073 from HFAG

. +36+34

[ =2297"3  MeV
1

15% 15% = 13%(exp.) + 8%(V,)

First measurement of fj!

fg = (216 £ 22) MeV from unquenched lattice calculation
[HPQCD, Phys. Rev. Lett. 95, 212001 (2005) ]



Super
@LKB Charged Higgs contribution to B>t v

| ' j F : /
m, tan f+m, cot [ 202 I /
i /
_ i m_tan f3 ol 001 — 1 /
\ . - =
b ' [ € oGy = 0 / N
; v 1.
=
H/W+ :
u -

tan 3/mp+

gy = SUSY corrections
to b Yukawa coupling

5 9 The interference is destructive in
ry = [1— mpg 2 3 2HDM (type II). B >B,, implies
that H* contribution dominates

SM: B (B—tv)= (0.78 Tg:(l)g) x 10 (CKM fitter 2008 prediction)



= 4

Super
ﬁff’(fw Charged Higgs limits from

If the theoretical prediction is taken for fg
- limit on charged Higgs mass vs. tanf

2
BF (B - tv) [ my ﬁj
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Super
@L"B New Belle result on B*—ttv

Method: Tag B on one side with the semileptonic decay B > D) | v

- Neutrino not reconstructed in the tagging B decay sequence - more
background than in fully reconstructed hadronic decays

Again look for T signature with “extra” energy in the ECAL

D —
NEW with 3.8c 657 M BB with D™ v tag

>400 F
9350 |
19300 |-
o250 |
©200 |
$150 |;
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Super
KEKB B > KMwy
>, uest for BSM

B>K™vv is a particularly interesting and challenging mode (with B = tv as
a small background), theoretically clean

Experimental signature: B - K + nothing

The “nothing” can also be light dark matter with mass of order 1 GeV. Direct
dark-matter searches cannot see the M<10 GeV region.

SM prediction for B*>K*vv: (3.8*7-2) x 10°

B = tv analysis is a proof that such a one prong decay can be studied at a
B factory

J



Super
KEKB
7 uest for BSM

Events/(100MeV/c?)

O = N W P O1 O N OO

B- 2 K" v v prospects

MC extrapolation to 50 ab!

50 Observation of B* > K* v v

ey
.~ " ]
LIy rss.

4

Py h
/) p
>

-

e

05 0.6 0.7 0.8 0.9 1
E.. (GeV/c?)

Extra EM calorimeter energy
Fig. from SuperKEKB Lol

SM prediction:
G.Buchalla, G.Hiller, G.Isidori
(PRD 63 014015)
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KERE
> uest for BSM Why FCNC decaYS?
Flavour changing neutral current (FCNC) processes (like
b—>s, b>d) are fobidden at the tree level in the Standard
Model. Proceed only at low rate via higher-order loop
diagrams. Ideal place to search for new physics.

VIZe

Peter Krizan, Ljubljana



Super
KEKB How can New Physics contribute to b—>s?

For example in the process:

BO N nrkO
W+ Ordinary penguin diagram with
b 5 , atquarkinthe loop
s
B° t 9 X
K0
d g d
_ g _
— —S
STy
Diagram with B0 S % d
supersymmetric particles %‘<5— X0
d = d s

Peter Krizan, Ljubljana



KEKE Searching for new physics phases in CP
D violation measurements in b->s decays

Prediction in SM:

B° - n'K® a, =—Im(4, )sin(Amt)
W+
b S Im(4,) =&, sin 24,
B° t 9 X
. K?  The same value as in the
d d decay B® > J/y K¢!

This is only true if there are no other particles in the loop! In
general the parameter can assume a different value sin2¢,&

Peter Krizan, Ljubljana



Super

KEKE Search for NP: b—sqq

BaB
sin(23° )—s1n(2¢1 )@ ICHEPOS8 BZII:r

PRELIMINARY
b—ccs  World Avefage : 0.68 £ 0.03 Naive dverage
4 . BaBar ; 5 0.12+0.31£0.10 | "\
X Belle . T 050+ 0.21+0.06 0.26£0.25+0.04
Average ! : — 0.39+0.18 N 0.25,
T gy T T T s T T s 608 0.67% 570.07
X Belle : : T 0.64+0.10+0.04
. ; : : i +
5, Average : S Bl 0.59£0.08 0.4520.18
¥  BaBar | : 0.66 +0.26 + 0.08
& Belle : ; | 0.30 +0.32+0.08 0.57+0.08+0.02
» Average : E e 0.5140.21
........ x
\ uuuuu 5 ¥ Jre D s v U_'UJ:F/ 0'6410'10i0'04
g 33 +0.35+0.08
GéﬁLéi@n pengu LIiJ'I;IOdEé 0.60+0.07
Ba ]
‘ 0.71+0.24+0.04
éw Belle : : — | : 0.1+ 0.46 £ 0.07 0.30+£0.32+0.08
Average : 0.48 +0.24
”””””” CoBaBar L A cesom 0.5720.20
< Belle ; ol 0.18+0.23+0.11
o Average : —{ | 0424017
X BaBa——h——— Il 7 osazo7izoos
q‘*Ave-Fag-e—.—A— : | -0.84 +0.71

W BaBarQ2B 5 T pAIE018 0075041 Need much more data

v Belle ' 0.68+0.15+0.03 07

. Average | 0.58.£0.13 33 to clarify the issue

-2 -1 0 1 2
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S
KEKB Searches for new sources of

— quark mixing and CP violation

CP asymmetries of penguin dominated B decays

05 § Present upper
04 f T limits _
S New Physics
03 ] "IM
- b ( SUSY GUT, Warped Extra Dirnension,

2 o :' ': ' String-inspired MSSM, ...) l
S
2
= 01
C 009
O o0s |
- 007 F
C_U 0.06 F
G>J 0.05 F
D 0.04

0.03

at upgraded KEKB ™o
0.02 - L 4 4 y 3 aal 1 L Y
10 1 10 ( ab-1 )
Reach of present Reach of upgraded
B factories KEKB

Peter Krizan, Ljubljana



@ﬂ A difference in the direct violation of
st CPosymmetry in BT and BY decays

CP asymmetry
/Qlf

_NB—> f)-N(B->f)
" NB > )+ N(B—> f)

LETTERS

Difference in direct charge-parity violation between
charged and neutral B meson decays

Difference between B+ and B° decays
In SM expect }IK%1 ~ A P

750 F

500 F

Measure: :
A,. . =-0.094+0.018+0.008 -
A. o =+0.07£0.03+0.01 pFrszs

K

300 F

200 |

100

A problem for a SM explanation :
(in particular when combined with other "

I R |
5.2 5.25 5.2 5.25

measurements) s
- - - ~ H 5 N -
A hint for new sources of CP violation? 1in 10> B mesons decays in this

OS2 MOSE e, et 52, 232 o)




Super
@LKB Another FCNC decay: B > K* I I

—>
ud U0d

b > s I*I- was first measured in B > K I*I- by Belle (2001).
Important for further searches for physics beyond the SM

Particularly sensitive: backward-forward asymmetry in K* |71

Apy oc m[CI*O(SCSﬂ(S)+ ”(S)C7)]

C : Wilson coefficients, abs. value of C, from b—>sy
s=lepton pair mass squared



Super
KEKB
7 uest for BSM

Backward-forward asymmetry in K* |1

/.)L

0

/_
Backward event

Forward event

[y* and Z* contributions in B>K" | | interfere and give
rise to forward-backward asymmetries c.f. ete” 2>u* p ]

14F ©°M
<yof G= G
'1 3 C’cw=-2fc1o
ogf T
06F +
04F
02F | _ g
o S—— s W N R
02F o R D
_D-4Z.|I TR AR | o TSN B AT B A
0 2 4 6 8 10 12 14 16 18 20

q (GeV*/c?)

657 M BB

App o€ ER[Cl*o (SC;ﬂ (s)+ ’”(S)C7)}

Peter Krizan, Ljubljana



Super
KEKB
>, uest for BSM

657 M BB

B
<

q°(GeV?/c?)

» Zero-crossing g for Agg will be

1

0.5

-0.5

A (B>K* It I)[qg?] at a Super B Factory

MC, 50 ab-"

SuperB FSIM B—X 'l at 50 ab™ i

- T ey 1 E
i + i
C L _,-,.;-:b" ~+ ]
u_ ; 10 5 I >
g (GeViic)

determined with a 5% error with 50ab.

Strong competition from LHCb and ATLAS/CMS

Peter Krizan, Ljubljana



Super o _
KEKB D® mixing in K*K-, n*m-

Two mixing parameters: \Dm}: p‘D0>iq‘Bo>
X=Am/T y=AI'/2T"

DO - K*K-/ n*n: CP even final state:
in the limit of no CPV: CP|D,> = |D,>

10* (@) i SK R

side

Events per IMeV/c’
o

§ band
= measure 1/T'; N
- 104 E
_(K'7") f
Yep = ——1 =y
T(K K) no CPV 182 184 18 18 19,
M (GeV/cY)

s [ (@) D'sK'K
Signal: D% - K*K-/ n*n-from D

M, Q, o, selection optimized in MC

Events per 0.1MeV
o

K*K- K-+ T 107
N, 111x103 1.22x10° 49x103 10
purity  98% 99% 92% > Rih O DI[;[I?GE:X%DE

PRL 98, 211803 (2007), 540fb"" Peter KriZan, Ljubljana



(b) Km

K*K-, t*m-

2
—

iXing in

DO m

=
A
[<a]
S
L
el
7
W
=

(a) KK

Decay time distributions for KK, nr, Kr

t (fs)
4000
f (fs)

IoNS

00

20
+TC'
rnttratio

K*K-, 1t
and K-
2000

0.14 -

0.1t
vl
013

Z,
=

=
&

~.0.15

Z

4000
t (fs)

0

00

2

=2Ycp IS on the high side of SM expectat

iXing

lly observable
the ratio of the distributions 2

Real f

Difference of lifetimes
visua

dence for DO m
(regardless of possible CPV)

IN

Vep = (1.31+ 0.32 £0.25) %
eVvi




Supeg
@i LFV and New Physics

v T U
oy S >3l
%) h \\/ILI(S)
Lm_/"() o)
(m)
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(t > 3u) =
o) e (m2). ) tan Y (100Ger Y’
Br(t — uy)=d 107 x| — tan” B 44107 x L)y |[ tanf €
m; Mgysy m; 60 m,
model Br(t—py) Br(z—lll )
MSUGRA+seesaw 107 10-°
SUSY+S0(10) 108 10-10
SM+seesaw 102 10-10
Non-Universal Z’ 10-° 108
SUSY+Higgs 10-10 10”7

bljana 38



Super
KEKB Precision measurements of t decays

uest for BSM

LF violating Tt decay?

-5
10 : _
Upper limits Theoretical predictions compared
s to present experimental limits
-6 A TOUUR SU(5)Ev g , Non-degenerate (I)
10 B factories | ng=4x10" GV tan B = 30
Belle, BaBar)
-7 2018
10
mSUGRA +Seesau\) .
SUSY+SO(10) :i
8 5
10 | g
SM+seesaw E
SUSY+Higgs Super ctory
-9
10 :
0> 107

) Integ. Lum ( ab! ) — : —
Reach of B factories ———> o mn?:r F;EFGD«ER-’T“ 2500 =000
Upgraded KEKB " TGotoetal, 2007

Peter Krizan, Ljubljana



Super
@L"B 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.

Peter Krizan, Ljubljana



Super
KEKB Super B Factory Motivation 2

o A lesson from history: the top quark

Physics of top quark b ugtN  d Ve Vi
First estimate of mass: BB mixing > ARGUS _

: : . w= Swt Ve Ve Vo
Direct production, Mass, width etc. - CDF/D0O 3 - ;
Off-diagonal couplings, phase - BaBar/Belle & @ Vi

e There are many more topics: CPV in charm, new hadrons, ...

Peter Krizan, Ljubljana
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S .
K?% Super B factory: an important part of a broad
== unbiased approach to New Physics

v experiments,
LHC, ILC gu-2, u—> ¢y, etc.

\ /

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

Quark sector

t LFV, Flavor mixing,
1 CPV | CP phases

Super B factory,
LHCDb, K experiments...

Peter Krizan, Ljubljana
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KEKs
& Track Recorc

1200 ———— — e - |
N _| KEKB + PEP-II

1000 | . m— =+ : ,-/ _’
€ | ~1.3Billion BB palrs/
+—i 8 7 |
z KEKB | g
2 for Belle | Mem
= | PEP-11  ||C%
© 400 .
9 - for BaBar h/
(© [ _
(@) 200
_'G_)) I
= . i

0 = onnil BN I RN R RN R

P e
< 2000 2001 2002 2003 2004 2005 2006 2007

L cak (KEKB) = 1.96 x 10%¢/cm?/sec (design 1.0)

Peter Krizan, Ljubljana



IZEWKD llnaAaradasa Dian

SRRV el | Super-B Factory at KEK

« Asymmetric energy e*e~ collider at E,,=m(Y(4S)) to be realized by
upgrading the existing KEKB collider.

- [Unitial target:] 10xhigher luminosity = 2x1035/cm?/sec  after 3 year shutdown |

— 2x10° BB and 1+t~ per yr.

M L =8x103%/cm?/sec and JL dt = 50 ab™’

Faster calorimeter with wave
form sampling and pure Csl

33.5Gev et

Damping Si vertex detector with

ring for e* very short strips Background tolerant

small cell
drift chamber

S R [Beam’Channsi] {SR‘;;ameL] Cooling Channel = ! Pete r Kriia n, Lj u b |ja na
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W
=

Integrated Luminosity (/ab)

50

ha
=
I —

Projection of Luminosity

| T | T | T | /Ihl T
50 /ab

N 1.2 /ab/month

A

(8 x103° /[cm”2/s)
Physics

— Program
i Evaluation
i 0.9 /ab/month
- (6 x10%° /em”2/s)
i 0.6 /ab/month

I ~ (4x10% [cm*2/s)
05 2010 2015 2020 2025

I ! Year ]

Shutdown Learning
for Upgrade Curve



Super
KEKB
>, uest for BSM

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"y,=20cm/3 mm) x 1.5 | small beam size at IP
low emittance(12 nm) mitigate nonlinear effects
x1.3 )
& v, — 0.5 with beam-beam
crab crossin %2 mitigate nonlinear effects
9 with beam-beam
RF/infrastructure X 3 high current
P n
DR/e* source « 15 !0\_N [3_ injection, improve e
Injection
+
charge switch ¥ ? electron cloud, lower e

current

Peter Krizan, Ljubljana
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Super : C
@LKBM Crab cavity commissioning

£\ Installed in the KEKB tunnel
. (February 2007)

) vl

22 mrad.
crossing

crab crossing




Crab cavity commissioning: finally success, new
world record 1.96 1034 cm=2 s

HER 1.126 [A] 1585 [bunches] _
IER 1506 [A] 1585 [bunches] Mew World Record 19,644 mb/sec
Luminesity 18727 (now)  10.644 (peak in 24H @8:33) [/nb/zec]
) ]iuteg. Lum. Q270Flly 12005 (Dayvy 13400 (24H) [/pb] 5/6/2000 21:52 IS8T
. . T T T T il T T T
R = - 103
1 T R [l AT T 1 300 10
0.8 : 1T > :
| w_ L lﬂ'ﬁ
< |06 200 5
Il ﬂ
.E. 0.4 100 = 107
w02 E
el
-8
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Super . : :
KEkB Design Options: high current or nano-beam
7 uest for BSM

KEKB | KEKB Achieved = SUPerKEKB superKEKB
Design (): with crab High-Current Nano-Beam
) Option Option
* 6.5/5.9
By (mm)(LER/HER) 10/10 (5.9/5.9) 3/6 0.22/0.22
g, (nm) 18/18 18(15)/24 24/18 1/1
Gy(um) 1.9 1.1 0.85/0.73 0.034/0.044
0.108/0.056
ﬁy 0.052 (0.101/0.096) 0.3/0.51 0.07/0.07
G, (mm) 4 ~7 5(LER)/3(HER) 6
1.8/1.45
loear (A) 2.6/1.1 A 9.4/4.1 2.96/1.70
i i 34
MUIMeSs) L 1 1.76 (1.93) 53 80

cm2 s?)

Nano-beam scheme: proposed by P. Raimondi et al.,
for use at the Frascati Super B Factory.




Super

uest for BSM

Critical issues at L= 4 x 103%/cm?2/sec

» Higher background ( x20)

- 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 u identification < suu recon. eff.
- hermeticity < v “reconstruction”

Possible solution:

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

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

» Better particle identification device

» Replace endcap calorimeter by pure Csl.

» Faster readout electronics and computing
system.

KEKB Requirements for the Super B detector

) 0.0 Etot

B6 Event

ExpMC 2 Exp 25 Run 1
Eher B.00 Eler 3.50 Date 1031120 Time 90351
B EL L E TrgiD ODetver 1 MaglD 21 BFleld 1.50 DspVer 7.50

Plot(ch

(gm) 0.0SVD-M 0CDC-M 2KLM—M 0

Péter"Kriian, Ljubljans

b




Super
KEKB
WV, uest for BSM

SC solenoid
1.5T N[

u/ K, detection
14/15 lyr. RPC+

systems

Be

le Upgrade for Super-B

Csl(TI) 16X,

pure Csl (endcap)

kov counter

Aefrogel RICH

vinner lyrs. /
Si r<20 cm




Super
KEKB
», uest for BSM

SVD Upgrade

e Configuration: 4 layers =6 layers

(outer radius = 8cm-=>14cm) » AP P
_ : N \
— More robust tracking A / Y \\\
— Higher Ks vertex reconstruction efficiency D‘/ |/ ‘/ ( @ )\ ’ } \‘
e Inner radius: 1.5cm = 1.0cm A //// /
— Better vertex resolution. Not on day 1. o \ \I__/// //
e Readout chip: VAITA-> APV25 o~
— Reduction of occupancy coming from T

beam background.
— Pipeline readout to reduce dead time.

Slanted layer to keep
the acceptance

e Sensors of the innermost two layers:

strips > DEPFET pixel sensors




KEKB
uest for BSM CDC Upg rade

e Larger outer radius: 752mm ->978mm
— More samplings > better dE/dx reso. 0 e i e o I

e Smaller cell size:
12mm, 64cells > 8mm, 160cells
— Improved background tolerance
e New ASD with fast shaping T

File Edit Wertical HorizfAcg Trig  Disy L

12 F

Resolution(%)

Masks Math MyScop

ttttttt

.....

20nsec

September b, 2008 NIKHEF Peter Krizan, Ljubljana



Finemeash PMT

@ﬂ Present Belle PID: threshold Cherenkov
2= counter - 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’)

azt.028 BarrelAcCCc n=1.013 TOF/TSC

Y, 60mod ",'"“' pr

Detector unit: a block ‘—\\\ i Zi:l:f.i g
of aerogel and two o A AN LA
fine-mesh PMTs

s Endcap ACC
. n=1.030

Fine-mesh PMT: works in high B fields

Peter Krizan, Ljubljana



Super
) KEXE.  Belle ACC: threshold Cherenkov counter

expected yield vs p NIM A453 (2000) 321

-
¢ | aerogel n=1.010
E {181
2 yield for 2GeV<p<3.5GeV:
E K expected and measured
5 number of hits
02 J’
S0.9 n=1.010 (A)
£0.8 ® K
L 5 1 L5 1 2.5 3 p {GE H..fl,) »,:%E). ? ‘ "
g0.6 histo:MC
20.5
504
0.3
0.2
0.1
0

0 10 20 30 40



KERE
& Belle upgrade — side view

Two new payécle ID devices, both RICHes:
Barrel: time-of-propagation (TOP) counter or focusing DIRC
Endcap: proximity focusing RICH

Peter Krizan, Ljubljana



Super
@ﬂ Time-Of-Propagation (TOP) counter

QOuartz bar

< Array of
fast PMT’s

photon detector

Linear-array type z )]Kx

— One (or two coordinates) with a few mm precision
— Time-of-arrival
- Excellent time resolution < ~40ps

required for single photons in 1.5T B field

Peter Krizan, Ljubljana



KEKE
@) TOP image

— 207 :
0
~ 10

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

400 - D)

L Time distribution

of signals recorded

by one of the PMT

100 M \ channels: different
A A A~ for r and K

0 10 20 30 40 50
t (ns)

Peter Krizan, Ljubljana



KERE
& Belle upgrade — side view

J | Endeap

N

gl 7
s

Two new particle ID devices, bot/h RICHes:

Barrel: TOP orfocusina DIRC

Endcap: proximity focusing RICH

Peter Krizan, Ljubljana



Super
@L‘h Endcap: Proximity focusing RICH

aerogel

-
-
. -
.O

-

photon detector

. =
»* e
. -
* -
- .
- -
- -
. .
. .
. .
- .
AIPT N
® -

-®

)

~
“a

"u

2 cm

L

..
-~
L
-
L
L ]
-
-
L
L]
L]
-~
~ e
L

“,
»
~
-
-
~
~
L ]
-
-
-
~
-
“u
-

20 cm

K/m separation at 4 GeV/c:
0.(r) ~ 308 mrad (n = 1.05)
0.(n)— 6.(K) ~ 23 mrad

For single photons: 86.(meas.)=g,
~ 14 mrad,

typical value for a 20mm thick
radiator and 6mm PMT pad size

O
N

pe

Per traCk: O-track o

Separation: [0.(r)—0.(K)]/c¢ack

~ 5o separation with N,.~10



Bt
el -8 Beam tests

Photon detector: array of
16 H8500 PMTs o1 ; 2



=y S -
i Beam test: Cherenkov angle

=== ragolution 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 (b) Number of hits
o0 o A(N) =
-i—f 900 E<f> = 0.322 rad -E N, >=6.2
o 800 GE=14-En'Iadn LﬁSEG
700 300
250 N..~6
o,~ 15mrad pe
R 200
400
150
300
100
200
100 Al
(L o 1 M
0 0.2 0.4 0.6 20
8 (rad) N

- Number of photons has to be increased.

Peter Krizan, Ljubljana



@ﬂ Radiator yvith m_ultiple
AL vest for b5 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




Super
KEKB

uest for BSM

4cm aerogel single index

ny| N2 ny=ny

I\

il

2+2cm aerogel

ny ny<n,

/i

= X/ ndf 2467. / 116
6000 | Pl 5495.
P2 0.2965
P3 0.2072E-01
P4 85.32
g0 - P5 796.0
nf=7.69
2000 ¢
O i} Pl PR B B Y
0 0.1 0.2 0.3 0.4 0.5
0 (rad)
theta cerenkov
— X/ ndf 1095. / 116 ‘g‘
Pl A 7289. | =
P2 0.3074
o P3 0.1428E-01
P4 74.49
P5 884.4
4000
nf: 7.46
o | nb= 0.83
0 [\' T | M| 1 Ll\\'
0 0.1 0.2 0.3 04 0.5

Focusing configuration — data

rv(rad)

04 F

0.2 F

0.2 F

04 |

-0.4 -0.2 0 0.2 04

tx(rad)
ring in cerenkov space

-0.4 -0.2 0 0.2

0.4

'>NIM A548 (2005) 383



Super
@L'fas Photon detector options for 1.5T

e HAPD

— Working samples, being tested on the bench
and in the beam

— Stability, ageing? Need more production R&D

HAPD

e MCP-PMT

— Excellent beam and bench performance

— Good TTS for TOF information
e <20ps TOF resolution (low momentum PID)
— Need lifetime estimation

e SiPM (GAPD)
— Good stability, enough gain and reasonable TTS

— Need large effective area or light guide to make
~5x5mm? pads

— Need gated readout because of high dark count
(<~MH2z)

— Radiation hardness? 1 mm




Super _
@L"B SiPM as photon detector?

Can we use SiPM (Geiger mode APD) as the photon
detector in a RICH counter?

+immune to magnetic field

+high photon detection efficiency, single photon sensitivity
+easy to handle (thin, can be mounted on a PCB)
+potentially cheap (not yet...) silicon technology

+no high voltage

-very high dark count rate (100kHz — 1MHz) with single
photon pulse height

-radiation hardness

Peter Krizan, Ljubljana



Super

uest for BSM

SiPM is an array of APDs operating in Geiger
mode. Characteristics:
. low operation voltage ~ 10-100 V
e gain ~ 106
« peak PDE up to 65%(@400nm)
PDE = QE x € X €

geiger geo

. €., — dead space between the cells
« time resolution ~ 100 ps

« works in high magnetic field

. dark counts ~ few 100 kHz/mm?

- radiation damage (p,n)

1400

(

v (um)

1200

100

PHOTON DETECTION EFFICIENCY (%)

800
600
400
200

0

0 200 400 600 800 1000 1200 1400

X (pm) ) x (pm)

70

KEKB — SiPMs as photon detectors?

60

50

40

B“
1 mm
(Ta=25"C)
S\
PN
[/

30

l/

20

10

0

’// o~ R\ |, 025U
J I
~—

200

o H 2400

»» Hamamatsu MPPC: S10362-11

300

400

500 600 700 800 900 1000

WAVELENGTH (nm)



Super
@L{%Can such a detector work?

Improve the signal to noise ratio:
eReduce the noise by a narrow (<10ns) time window

eIncrease the number of signal hits per single sensor by using
light collectors and by adjusting the pad size to the ring

thickness N
S R

or combine a lens
and mirror walls

E.g. light collector with reflective walls

SIPM
|
PCB




Super
@L"% Expected number of photons for aerogel RICH

with multianode PMTs or SiPMs(100U), and
aerogel radiator: thickness 2.5 cm, n = 1.045

and transmission length (@400nm) 4 cm.

=

NSiPM/NPMT~5

Ln
[

incident photons/10nm

photons/10nm

+a

Assuming 100% detector
active area

SiPM photons

PMT
photons

Never before tested in a RICH _
where we have to detect single |
photons. < Dark counts have L ANEIS N e
single photon pulse heights 0 w0 w0 w0 w0 am]”
(rate 0.1-1 MHZ) Peter Krizan, Ljubljana




Cosmic rays test setup

scintillationy counter

MWPC
telescope

_m hthcitde

Entries 571

a0 Mean 0.4729

= RMS 0.2309

18— Background 19.48+ 1.14

2.5cm aerogel : Gaus 1115+ 132
14
12

10

multianode PMTs
array 2x6 |

8
6
4
2
0

Los s s 1ol wha g Lo Do Wy ] g gy
0 0.1 02 03 04 05 06 07 08 09 1

—>First single Cherenkov photons

observed with SiPMs
NIM A594 (2008) 13




Super i i i .
@ﬂ Increase light yield - light guides
Light Guide Acceptance / (d and out)

rays in = random isotropic 0-30°

N = 105
2 54mm
S
Al ,:
107
d
\
\/ \ /OU’[ out=2.54mm-—2+d*tan(10°)
B =, 1Y A

0.3mm — AN S
(n=1.5) / &\ SiPM (1x1mm)

Peter Krizan, Ljubljana



Super

kekB Light guide geometry optimisation

uecJ— £ DCAA

< ) /7

SO - \ -
NN .
d=3.0mm \ d=4.0mm \k d=5.0mm
\\\\ \
1 SiPM = 0.8 M =33, d=50] gap(y.z) = (0.0, 0.0) [0 = 30.0 j [numay o wwoziszoos |
d (mm) out (mm) | accept. (%)
3.0 1.48 51.6
3.1 1.45 54.0 § f
3.2 1.41 55.7 g i
3.3 1.38 57.8 & 065
3.4 1.34 59.2 g :
35 1.31 61.0 -
3.6 1.27 62.6 i
3.7 1.24 63.1 0.6—
3.8 1.20 64.4 =
3.9 1.16 64.4 -
4.0 1.13 649 | 0.55—
4.1 1.09 64.3 -
42 1.06 63.8
43 1.02 62.8 0.5
4.4 0.99 61.8 :
45 0.95 60.5 -
46 0.92 58.5 T
4.7 0.88 56.4 043, 35 4 45 5
48 0.85 54.6 d
4.9 0.81 51.9 |




Detector module for beam tests at CERN

SiPMs: array of 8x8 SMD mount

Hamamatsu 510362-11-100P
with 0.3mm protective layer

CICACHCACACACAT

 iEEEEEEE

Ulluggwjm
CACACACACAC A

2Cm

SiPMs + light guides






* module was moved to 9 positions to cover the ring area 4
« these plots show only superposition of 8 positions (central

position is not included)
w/o light guides w/ light guides

Peter Krizan, Ljubljana



Cherenkov angle distributions

* background subtracted distributions
e ratio of detected photons w/ and w/o: ~ 2.3
e resolution within expectations (14.5mrad)

1000

w/o light guides

¥’ /ndf  0.1975E+07/ 56

Pl 339.6
B P2 -986.7
P3 4891.
P4 0.2388
P5 0.1461E-01

0 0.1 0.2 0.3 0.4 0.5
Cherenkov angle

12000

10000

2000

w/ light guides

¥’/ ndf 1688. / 56
PI 1480,
| P2 =3748.
P3 0.1194E+05
P4g 0.2405
B P5 0.1558E-01
-Illjlllllllllkl\‘hv.—l-llll
(1] 0.1 02 0.3 04 0.5

Cherenkov angle

Peter Krizan, Ljubljana



KEKD
@i ECL Upgrade

e Increase of dark currents due to neutron flux

e Fake clusters & pile-up noise

-

B Barrel:

0.5us shaping + 2MHz w.f. sampling.
B Endcap:

pure CsI + photopentods

30ns shaping + 43MHz w.f. sampling

Pure Csl &

— photopentods

o (MeV)

= B I
g’(.——

0

' Barrel

/__.t"'/

i

0 5 10 15 20 25

barrel bacground (rel. units)

- BW e[),dc'é’p

L 7 lx1/E’

4

0 5 10 15 20 S

BWD bacground (rel. units)

Peter Krizan, Ljubljana



KEKs
@) KLM upgrade

Scintillator-based KLM (endcap)

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

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

(max L=280cm, w=25mm) . y-strip
~30000 read out channels plane
Geometrical acceptance > 99% Iron plate N\ |
_= 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 1.2 mm GAPD

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




Super
@L"B KEK’s 5 year Roadmap

o Official 20 page report released in January 2008 by director
A. Suzuki and KEK management
e KEKB'’s upgrade is the central element in particle

physics, with a final goal luminosity of 8 x 1035 cm2s!,
and an integrated luminosity of 50 ab!

e The project is currently being evaluated by the Japanese
Ministry of Science and Higher Education (MEXT)

Belle-IT (and SuperKEKB) is an open international

project that covers the next two orders of magnitudes at
the luminosity frontier - a very good opportunity for high
impact international collaboration.




Super
KEKB
—54./ uest for BSM Summary

B factories have proven to be an excellent tool for flavour
physics

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, most of things are not yet frozen...

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

Do not miss the chance to be part of it...

Peter Krizan, Ljubljana
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Offtine+Online Luminosity ( pb’f ) (fday)

Integrated Luminosity (; pb'I)

Offline+Online Luminosity (pb'I) (/day) 2009/05/08 07.25

Il orresorance, B affresenance, [ energy scam
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2000

i
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Date
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Target: 8 x 103> cm%s”!
= 50 x World Record (KEKB)

K - KEK
n’ 10 34 Peak Luminosity trends in last 30 years |
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@ ,%ﬁ‘,’a’; Strategy: Nano-Beam Option

Beam-beam parameter
Lorentz Beam current

factor \

(crossing angle)&

[ R‘L \ Lumi. reduction factor
.

R‘g_‘, \ Tune shift reduction factor

2 _.
(hour glass effect)
Classical electron 0.8 ~1
radius (short bunch)
Beam size ratio@IP Vertical beta function@|P
1~ 2 % (flat beam)
(1) Smaller B,°
*6.5(LER)/5.9(HER) mm-0.22/0.22 mm
(2)Increase beam currents
1.7 A(LER) /1.4 A (HER) = 2.96 A (LER) / 1.5 A (HER)
eClose to original KEKB design

{3Hnerease<,
*0.1(LER)/0.06(HER) - 0.07/0.07

Proposed by P. Raimondi et al., along with Crab Waist, for use at Italian Super B Factory




Mary ime Table for Nano-Beam Option
. Evaluation

Ring Lattice with IR Optics

IR Magnets & Beam Pipes

Belle Background

IR Assembly

ARC Beam Pipes & Magnets

Damping Rings

Beam Diagnostics & Feedback

I I I I I |
May June July Aug. Sep. Oct.

2009 Peter Krizan, Ljubljana



Super

KEKS. Super-KEKB (cont’d)

P 4

-

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

Peter Krizan, Ljubljana



Super
@L’ﬁ%’ Beam Background (after 1st optimization)

| | Rad-Bhabha mask around QCS magnet
KLM Barrel i IR chamber design
[ SR from
KLM EndCap _ upsiream
B ] 9 SR from
Results based ECL B QCs
on SEANT SIMS| oy M Beam-Gas
validated by B (HER)
cooarionee | COC B Beam s
experience. (LER)
SVD outer-side [N  Touschek
1st layer B
SVD inner-side H —Bhabha

o
on

10 15 20 25 30 35 40
BG increase (times)

Conservative, robust detector should handle
up to 20 times more background



Super
@LKB Model-indep. check of NP

M. Gronau, PLB 627, 82 (2005);

o Acp (Kr) sum rule D. Atwood & A. Soni, Phys. Rev. D 58, 036005(1998).

L i B(K7") 7o i 2B(K*7°%) 7 i 2B(K"x")

T (KOt 0 +r0y 22 B )70 K000 22 T )

[ACPU*& )+ Acp(K'T )B(KJF?T_) iy Acp(K*77) BKT7 ) + Agp(K777) B(K+m)
A o(K? %)

' B— K%%0 New \

&1 A=-0.13+0.13+0.03

v

&) A=+0.14+0.13£0.06

OELLE

AA(Kr)

\HFAG AVG: -0.01 £0.10

Sum rule predicts A ,(Kz%) = -0.151+0.043

Paoti Chang, talk ta ICHEPOS8 Peter Krizan, Ljubljana



KEKB
@% Leptonic B decays

Phenomenology Type II Two Higgs Doublets Models

additional Higgs doublet; (¢, gives masses to d-type and
! charged lepton; ¢, gives masses to u-
type; in Type I models ¢, is decoupled

tanp=v,/v,, ratio of vacuum and ¢, generates all masses)

expectation values;

N . W.S.Hou, PRD48, 2342 (1993)
H* coupling «« m; = same factor as :
independent of m

helicity SM suppression r

o

- - \
[(B* > ') =T(B* > 'v)-(1- "% tan’ )’
if Tmeas>TSM — H* contribution dominant My

ratio independent of
H = contribution:

Y(B" > v)/ITM(BY > v) =

Peter Krizan, Ljubljana



Super
KEKB

uest for BSM Comparison With LHCb
e*e” has advantages in... LHCb has advantages in...
CPVin B—¢Kg, n'K,,... CPV in B—JyK;
CPVin B—Kn' Most of B decays not
B—Kwv, tv, DM1v including v or y
Inclusive b—sup, see Time dependent
measurements of By

T—uy and other LFV

B
D°D° mixing s R

B_.and bottomed baryons

Complementary!!

Peter Krizan, Ljubljana



Super

wimm  LUMINosity and accelerators vs time
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Peter Krizan, Ljubljana



Super
KEKB
>, uest for BSM

Crab cavity commissioning

25

— — N
3 & 8

-

Specific Luminosity/bunch
[10*°cm™@s™'/mA?]

T
......

3.06 bucket spacing

Crab Crossing

+49 5p._ﬁx*=80, 84cm

.. Simulation
| head-on

| Simulation

22 mrad

September 5, 2008

2

4

&6 8

1

1.2

" 2
lbunch HER ~ lbunch LER [MA”]

NIKHEF

Peter Krizan, Ljubljanags



RERE
S AT Rare decays - prospects

e Radiative, electroweak and tauonic B decays are of great
importance to probe new physics.

e We are starting to measure B> 1v, Kvv, Dtv, Ag(K*Il),
Acp(Kn%) etc. at the current B factories.

—>Hot topics in the coming years !

e For precise measurements, we need a Super-B factory!

—>0bserve K™ vv, zero crossing in Az, DOty

- Expected precision (5ab1->50ab1);
— Br(tv): 13%->7%
— Br(D™zv): 7.9%->2.5%
— g2 of Ag(KXIl):  11%->5%
— Acp(Kny) tCPV:  0.14->0.04



Super
KEKB

uest for BSM

DO - KK~/ n*n

D% mixing in K*K-, n*n-

CP even final state;
in the limit of no CPV: CP|D,> = |D>

= measure 1/T,

(K 7")
(K K")

1

—I:ycosgo—EAstinqoz

Ay, ¢: CPV in mixing and interference
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" TOP counter MC

Expected performance with:
bi-alkali photocathode: <46 p/K

separation at 4GeV/c (< chromatic

dispersion)
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with GaAsP photocathode:
>4 1/K separation at
4GeV/c
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