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Belle spectrometer at KEK-B

p and K, detection system
(14/15 layers RPC+Fe) Aerogel Cherenkov Counter
' (n=1.015-1.030)

/3.5 GeV et

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

o Central Drift Chamber
b e (small cells, He/C,Hg)

ToF counter
1.5T SC solenoid
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The KEKB Collider
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Offine s Online Lminasity (ph ) i/day)

Integrated Luminosiy ipb '}

ol Total =512 fb!

o Today: some results with 350 fb-t

1 (386 x 10%) B B pairs

1000 as well as results based on 253 fb}
o b . | (275x105) B B pairs

Belle log total : 510964 pb™ Date Peter Krizan, Ljubljana

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 %
CKM matrix is unitary _———-
deviations could signal processes not included in SM 1] aj
, AM3 (5_
1-A2/2 iP5
Vud Vus Vb / A i
Ved Ves V| = | L
3 -
Vid Vis Vi AV (L a2 1

p-im)

January 5, 2006 University of Dortmund Peter Krizan, Ljubljana




Three Angles: (¢,,9,,05) Or (B, o, 7)

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

January 5, 2006 University of Dortmund Peter Krizan, Ljubljana
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Principle of CPV Measurement
Flavor-tag decay

€ ...........
E _ B N AN —
B+ B more Bs

Flavor tag quality r:0< r<0.5, poor
tags, 0.5<r<1 good tags.

t=Az/(cf v)

= (1 -ZW)S@
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If there is more than one diagram and additional weak
phases, there is the possibility of direct CPV and a new term
with a cos(Amt) time dependence.

—tl/zg

P(B—> fop3t)=
4t
with g=+1

[1+qg-{A cos(Amt)

+ S sin(Amt)}]

If integrated over all times (-inf,+inf), the asymmetry with
the sin(Amt) term vanishes, while the term with cos(Amt)
remains.
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Reconstruction of B meson decays

AE (GeV) .

i . . " Reconstructing rare B meson

N I .

e D 2 decays at Y(4s): use two
b el mf Gl variables,

Jfege ae o -& : beam constrained mass M,
wlge® 2 300 ’ and

ko ;'_ ‘,. . ’ energy diference AE

= .. o . .-: i smooth l:m:l-lgr-!::-w-r; background

52 s 325 M.;_‘:‘(Gevi)ﬁ 02 o4 IN ﬂE CtJGeV) 02

0 Goussian AE = ZEl - ECM/2

@&y, = JE, 122 p)
- bc CcM p i
ARGUS function
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2005: B® = J/y K° with 386 M BB pairs

B° > J/y KJ B > J/y K]

O Kst) _ 2500/ + data
1aooF 386 M BB 2 [T
Z1200f ‘E 2000~ i || ! [ JPK,X BG, K, detected
% Nsig = 5264 ‘3_. E E [ J/¥X BG, other
%“m Purity 98 % @ 1500 | ! B combinatorial BG
i 5 1 1 .
ek CP odd : s Nsig = 4792
600f . . 2 1000 Purity 60 %
1 1 2
aoof : : E g CP even
| : 2 500 i
200F ' 1 N :
%2 522 524 526 528 53 % 0204 0608 1 1.2 14 16 18 2
Mpe (GeVic?) pe™ (GeVie)
_ ) )
My =\ Epun PJ/wKs pg* (momentum in CM)
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2005: B® > J/y KO

sin2¢,= 0.652 =0.039 (stat) =0.020 (syst)

DCPV
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A = 0.010 =0.026 (stat) =0.036 (syst)

BG subtracted distributions
(good tag region)

2003 result:
sin2¢,~0.728 +0.061
(152 x 106 BB pairs)
consistent ~1.2¢
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Evidence and Observation of Direct
CP Violation in B Decays

DCPV in BO>n*r- and BO>K =,

hep-ex/0502035 (PRL 95, 101801(2005)); hep-ex/0507045

Asymmetries in the Dalitz plot of B* >K* n* «-
hep-ex/0509001
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Importance of direct CPV in B decays

"The final, completely definitive death of any superweak
theory will come from the observation of direct CP

violation in the B system.......

Evidence for such direct CP violation would be given by

the difference between the asymmetry parameters in a

decay such as B->n* =« from that of B->J/y K. This can
be considered the € experiment for the B system.”

Lincoln Wolfenstein, 1999
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Direct CPV asymmetry in B Decays

Asymmetry in B decay rates

_I(B->f)-TB->f)
(B = f)+T(B — f)

B 2rsin gsin o

1+ +2rcos pcos S

r=|P|/|T|, ¢ =weak phase diff

\ 45 = strong phase diff

The direct CP asymmetry (Ay;) can be large if two

amplitudes have comparable sizes, different weak phases
as well as a strong phase difference. This can be happen
in certain B decays due to the interference of penguin (P)
and tree (T) decays.

January 5, 2006 University of Dortmund Peter Krizan, Ljubljana
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Possibility of tree-penguin interference.

N.B. in B>nr the two diagrams are the same order in A
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Experimental Situation for B>=* =~ in 2004

-
oz Belle 152 M BB BABAR 227M BB
with 372+32 B>t~ events  with 467+33 B>t~ events

S =-1.00+£0.21£0.07| |S,,=-0.30£0.17£0.03

za za

A_=+0.58+0.15+0.07| |4, =+0.09+0.15+0.04
PRL 93, 021601 (2004) hep-ex/0501071, to

appear in PRL
5.2 CPV, PP

First evidence for DCPV (3.20)

Also ~3.2s discrepancy between Belle and BaBar

January 5, 2006 University of Dortmund Peter Krizan, Ljubljana

B->n* n time evolution

666+43 B>n* n

(] RO .
2 0| B® tagged B®tagged gigng) events
~
It:’ 100 AE—I\_/Ibc_ 2_D fits
+ i to individual
(=4 A time intervals
!
1 =
!
<
I oL Bkg subtracted fit
5 projections for B>n+ -
B
-1 L L | L L L L | L L L L | L L
N 0 5 2005 sample
- At(ps) >
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Summary of Belle B® — n* = CPV results

1st error statistical,
2nd systematic

e Compelling evidence for direct CP violation
in B>n*n with 4.0c significance

e Confirms previous Belle results.

e Isospin analysis for this mode alone gives
(95.4% C.L) 0 <¢,<19° & 71"<g, <180°

Consistency Checks with time-integrated fits

A =+40.52+0.14 Counting experiment consistent
" with unbinned time-dependent fits.

LR>0.86 & 0.5<r<1.0
60

— 60— — 60— —
> B tagged 2 'B° tagged
O 50| O 50°F
S_ | 8_ s 69111
mmgedl- e 40 Kn: 4319
wn
% g 2 30+ cont: 38+1
(]
> R
£ e |
} 10f p A\t T
+Jc Tl 0/ +F T
02 0.4 0 0.2 0.4 AE(GeV)
AE (GeV) AE (GeV)
Visible indication of direct CP violation.
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2005: Status of B=>n*
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BABAR (2004}
-0.30+0.17:0.03

Belle (2005)
~0.67+0.1620.06

Average
-0.50+0.12
—a—
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—a—

Peter Krizan, Ljubljana

Direct CPV in B? - K+r~
2004 results from BaBar & Belle

| PRL 93, 131801 (2004]]

227M BFI

»Evidence for DCPV (4.25)

| PRL 93, 191802 (2004]]

»Evidence for DCPV (3.9c)
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2005: "Observation” of Direct CPV in B>Kr*

5

ém;— iam
& 500F £ 500
;‘r'__.m— %400 ‘ D
Belle update with ‘E::;_ ﬁx @
386 x 106 B Bbar pairs BELLE
100F >, 100
(hep-ex/0507045) 8% "33 &
M, (GeVic?)
= 700 = 700
= B00F = 600
& i t
o K G 500F —
2% il | Significance
g EF 500
W s00f W 30 '
200F ! 200F
One more nail in the I SN P s
uperweak coffin. R s =
AE (GeV)
dop(in)z MB2 KT - NBS K)oy 00904 0 008
P ENBoK )+ NB= K)o ' o
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Interpretation: Direct CP violation+SU(3)

The results support the expectation from SU(3) symmetry that
_ 1 _
Ap(K'77) ~ _gACP(ﬂ-+7[ )

N.G. Deshpande and X.-G. He, PRL 75, 1703 (1995)
M. Gronau and J.L. Rosner, PLB 595, 339 (2004)

ACP(K+7;—) =—0.115+0.018 HFAG summer 2005
1 .
——Ap(7"77)=-0.191£0.04 Belle measurement
3
January 5, 2006 University of Dortmund Peter Krizan, Ljubljana
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A new approach to direct CPV using
the Da|ItZ p|0t |n Bi eKi TC+ T (hep-ex/0509001)

Sample used for B* >K* nt*- study: Combined Dalitz
contains 2248+79 B- , 203876 B* plot, signal region

Fix the resonant substructure,
then allow both the phase and
amplitude to be different for B+
and B- decays.

Wix'n) (caviiel)

For each resonant amplitude :
replace ae® with ae® (1 + b e?) % B ;

WIE'R) (GeViich)

Jar FIG. 9: Nustartion of the amplitude parametrization with Eq. 7. Peter Kriian’ Ljub”ana

Evidence for CP Violation in the Decay B*—>p% K*

TABLE I: Results of the best fit to k=727 events in the B signal region. The first quoted error is statistical and the second
is the model dependent uncertainty. The quoted Acp significance is statistical only.

Channel Fraction (%) 8% b g% Agp significance (o)
K'(02)r=  130+08007  O(fixed)  0.078+0.033T0,0 —18+4T), 26
Kj(M4a0)e= e5+£1575  ssxdtl 006020031700 ~123£ 1678 2.7
mmp p(7T0KE TESE003TNE 2121471 0282001500 125 432f0 3. Cmmmm
WTSKE 0154002105 10031 0 (fixed) - -
ROSOK: 1774161 er+Ut? 0300191008 824817 L6
ROZIOEE 1522035005 0+£1tF  0ar=0a7iyy  -24x2000 27
fx(1300)KE 4142081005 —141210%8 0122007100 —77£360 L0

NomRes. 34022211 &7 =-11457 0 (fixed) - -
05 = 185 + 2012
Xeok = LipE012ffy 182y ols0asin T il 07

A (B — p’K*)=0.28+0.10"0 (3.90)

Significance varies from 3.70 to 4.00 depending on the model
for the resonant substructure (add or remove modes, change nr
model, cpv in b>u background).

January 5, 2006 University of Dortmund Peter Krizan, Ljubljana
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B- vs B+ in the p and f° (980)

m,.. region

- helicity
hemisphere

+helicity
hemisphere
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Belle Data:

First evidence for DCPV in a charged meson decay

Ap(BE = p°K*)=0.28+0.10"%7

(3.90)

Ap(B* — p'K*)=

Cheng, Gronau, Luo, Rosner, Suprun; PRD 69, 034001 (2004)

A, (B* = p’K*)=0.21£0.10

M. Beneke and M. Neubert; Nucl. Phys. B675, 333 (2003)
_1 3 6+4 5+46.9+3.7+62. 7%

—5.7-4.4-3.1-55.4

Four representative scenarios (-27.3, -9.3, 26.6, 31.7)%

BaBar Data:

January 5, 2006

University of Dortmund

Ap(B* = p"K*)=0.32£0.13£0.0670 (2:40)

Peter Krizan, Ljubljana
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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.

January 5, 2006 University of Dortmund Peter Krizan, Ljubljana

A large number of b->s modes are known,
where are the b>d penguins ?

Supressed by |V,4/V. | 2vs b > sy

Interesting:

Measurement of |V,,/V..|

CP violation could be sizeable in SM (order 10%)

3
BB = (p.w)y) _ g|Vea|*|( L= mi/Mp " [1+AR]
B(B — K*v) AVes| N1 —m3. /M3 ) -

Addresses the same physics issue as B- B, mixing (future
Tevatron Runll +LHCb goal).

January 5, 2006 University of Dortmund Peter Krizan, Ljubljana
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Vy/Vis from B 2 py, oy

The measured branching fraction, B(B — (pw)7y) = (1.341231 T211) % 107¢, translates
to

|Via/ Vis| = 0.20075:528 (exp.) T3 a0 (theo.),

which is compatible with SM constraints based on fits using measurements of other
CKM parameters.

14—
o B (o) W B (po)y
s I “o 16F
% 1|:|: > 14;
[=] 8' E 12:
Sl < 10}
£ R
£ 4 £ 6f
w o W af
827522 524 526 528 53
A E (GeV) ) M, (GeVic)
hep-ex/0506073 First Observation of b->d y
January 5, 2006 University of Dortmund Peter Krizan, Ljubljana

Implications of Belle’s observation of b>d vy

Together with the evidence of B>K?K modes, Belle has
demonstrated the existence of a new quark level transition: b->d

+ measurement of |V,,/V.|

BR(B— (p/w)y) " ﬁz
BR(B— K'7)

Vv,
=

SU(3) breaking correction

s weak annihilation diagram for BR(B — plo y)

-_WB%CL
B WS%CL

0.5 —K'y)

Full UT fit _—

-1 -0.5 0 0.5

Januar p oV Ljubljana
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BY 5 pk° | wr

o g.c,t

How can New Physics contribute to b—>s?

b &

=
“Internal Penguin”

o |,
B

d _

T ST 0

BO_>77!KO W+
b 5
B8° L9 wg . B°
d > d ks

January 5, 2006

New physics in loops?

d d

Many new phases are

. g =
N d ’
BR ‘k(?RR 2,3/ 77'
S
d d

9
- ’
b, W%’ ¢
N4

|

possible in SUSY

University of Dortmund

Peter Krizan, Ljubljana

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

Example:
no KM phase $y
T Vet
_(i Q_qb,n, KK~ — w- ‘¢, KK
B u,c,t » . + B B ; 8

K ‘K

‘ﬁ,d u,d vt;k - a d_
™ 61

SM: sin2¢; = sin2¢, from B>3/y K® (b>c¢ s)

unless there are other, non-SM particles in the loop

January 5, 2006

University of Dortmund

Peter Krizan, Ljubljana
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‘ Belle 2005 update: hep-ex/0507037
B-¢K° : K°- K, or K, (386x10° BBpairs)

¢ Kg ¢ K,
1F BY— K¢ 1F B 5 k!
0.5k 0.5 | | |
> O p—t— ; - ob———Frt=" 1
T .05 _l_ -0.5F
E Ak Poor tags 1k | Poor tags
g 1F I I I I 1f I ' I I
Z 05 + e 0.5F
“ o ’*‘Tk—_—”‘——?:-ﬂ_ 7 ° _w
-0.5F -0.5F
Ak Good tags ab Good tags
95 5 25 0 25 5 75 a5 5 25 0 25 5 75
At(ps) At(ps)
“sin2¢, "'=+0.19+£0.32 "sin2¢; "'=+1.54+0.59
. 0
"sin(2¢,)(B — @K°)"=0.44+0.27+0.05
January 5, 2006 University of Dortmund Peter Krizan, Ljubljana

“Compelling Evidence” for CP Violation
in @ b>s mode

n 'KO (background subtracted)

100
BY ’r|'K° g g=—t1
@  sof —+g=1
e
— B0}
hy
8 4of
=
=
w 20F

"sin2¢, ‘=+0.62+0.12+0.04

o A=-0.04+0.08+0.06
2 oSt significance>4 o
[:F]
E
E OF
)
< osf

-7.5 -:5 -2l.5 O 2I.5 5 7.5

£Al(ps)

January 5, 2006 University of Dortmund Peter Krizan, Ljubljana
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sin(2B")/sin(2¢;™) EEE

Many b—->s modes were studied:

~all are systematically below sin(2p)
value from B->J/y K% modes

PREUMINARY
brces Wvorld Averdge * 069 £0.03 |
""" BaBar T U el T 0 s0 R0 as 00

¥ Belle ; e | 04410274005
< Average ; 0.47 +018
< 1 e o0 [ e
= Belle ; [ - 0E2£0.12+0.04
= Average ! il 0.50 £ 0.09
- L | T I T
X Belle i —4:3‘&4? 10.36 + 0.08
-~ Average | 0.75+0.24
T BaBar T e 035 R E004
= : + 0.22 +0.47 + 0.08
LI —% 0.3
e, b el
= -0.
] T
= Belle 95 + 0.53
2 Average ! 0.63 + 0.30
e BB et R G T
v Belle 060+ 0,18 £0.04 1512
ok Average . i Bl 1 0.51£0.14 Ggg
b BaBar N - L
& Belle 0.58 + 0.36 + 0.08
w  Average 0.61+023 |
3 2 - 0 1 2 3 rtmund

Belle data: hep-ex/0507037

recent theory estimates :

T LB B s B e
-
WS
! )
n'Kg
—
K
——
WKy
KKK
——
3K,
[Beneke, hep-ph/0505075]
P 1 [Cheng.Chua,Soni| hep-phl0506268] |
-0.1 0 0.1 0.2

sin2¢(penguin)-sin2¢,(tree)

New Physics ?

Asin2 ﬁ"in b—sqq golden modes (July 2005)

Very large effects
of order unity, AS=1
are now ruled out.

Theory corrections are
small and opposite in
sign to the measured
deviations.

January 5, 2006

oK® (exp.) LA % ' | 0224019
pQCD 0.02*) 008
QCDF H 0.02+0.01

QCDF+LD ' 0.03°75; 10.01

1’K(exp.) |_._| -0.210.09
QCDF H 0.01+0.01

QCDF+LD f 0.00°90

0.4 l -I]I.3 l -(:.2 l -t;.l J i!| I 0.1
Asin2¢f"
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Projection for Super B Factory (50ab™)

oK’ (exp.) = H ' ' : | 02210019
Are there New Physics pQCD i 0.02"0008
effects of order 0.2 in N : —
b>s CPV ? e 00,

QCDF+LD Jo | 0.03%00 10.01

n'K'exp.) i -0.2140.009
Super B Factory level " g
statistics will allow usto  Qcpr H 0.01::0.01
answer this question. ! i

QCDF+LD _ % 0.007,, 4,

L 1 L 1 5 | | L
04 03 0.2 -0.1 0 0.1
minw,"
January 5, 2006 university or bortmund Peter Krizan, Ljubljana

ud
b > s I*I- was first measured in B > K |*I- by Belle (2001).

Important for further searches for the physics beyond SM

dr(b—>st'0) (q Y GmVv[
—— == 2ol (1-5)
ds 4z 487
x[(nzs)( el +esr 2)+4(1+%) el +12Re(C§ﬁC§ff*)}
S

Particularly sensitive: backward-forward asymmetry in K* I*|
January 5, 2006 University of Dortmund Peter Krizan, Ljubljana
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fO dqzdcosﬁdcosg f 1 dqndcosﬁ'dcosg

Ars(q’) =
42T 42T
fO dg®dcos 9 TRdeosgdeost + f 1 dg2dcas@ T dcosgd co8 6'
/_
//.
B
B (7]
g F
/_
Backward event Forward event

[y* and Z* contributions in B>K"* | | interfere and give
rise to forward-backward asymmetries c.f. efe- >pu* pu ]

Unbinned fit to the variables g2 (di-lepton
invariant mass) and cos(8) for B->K" | | data
January 5, 2006 University of Dortmund Peter Krizan, Ljubljana

2005: Sample used for Acg(B>K*I)(g?)

P(q®,c080; Ag /A7, Aro/Ar)

2
hep-ex/0508009 = Fuseus(ec080) g cos0) N
- — &#T
o ' L NN ! E + feterecter (g7, 008 0) ————— (¢%, 008 0) [ Neger
560 M 1% ’ dgdcosf "’
= (a) K* Il (by KT I7I qdzf‘%
z 50 + fserciter(q%, cos 6)—dq7dcose(q2’ — c0s0)/Nitet
~ 40 + fx,uPx,0(q’,c0s6)
owy
g 30 + fdnep{(l — frcen)Paiep(q®, cos 6)
s 20 +ficeenPcoen(a’ e0s0) |
10 + frennPrconn(@, cos0) + fuPy(a®,cosd),  (

" | " | " | | " | " | E
%2 5225 525 5275 5.3 5225 5.25 5275 5.3 Treat g%, cos(6)

M, (@evic)  ___dependence of bkgs.

Sample for B>K* | | events 113+13
05 .
SR S

OFT T T

Agg (bkg-sub)

B->K I | control sample 96+12
05 + - E
Consistent with flat ~ se—- " @K1 —

T R RENEE N NS DS | NU 1 P R R AN
0 25 5 75 10 125 15 175 20 225 25
q2 GeVZ/c?

January 5, 2006 University of Dortmund Peter Krizan, Ljubljana
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Constraints on Wilson coefficients from
Ars(B>K* 11)(g?)

Projections of the full fit to g2, cos(0)

Integrated FB asymmetry
A, (B—> KT =
0.50+£0.12+£0.02;(3.40)

negdtive A control sample:

I A S WA I S R - TR N s
0 2 4 6 8 10 12 14 16 18 20 A (B> KTl =

0.10+0.14+0.01

Observed integrated A.g rules out some radical New Physics
Models with incorrect signs/magnitudes of Cq4 and C,,

January 5, 2006 University of Dortmund Peter Krizan, Ljubljana

Results of the unbinned fit to g2 and cos(6)
distributions for ratios of Wilson coefficients.

hIJA?

Aro/A7

Ad/A,

407 | o ;
a0 3020 10 0 10 20 30 40
|A,| constrained from A9 / A7

b->s y to be close to SM

Ref: hep-ex/0508009

negative A; positive Ay —1401 < Ag Ao/ A} < —26.4.
AgfAr —153F55+£11 163137 £14 at 95% C.L.
Ag/A7 103152+£1.8 111350 +24

nd Peter Krizan, Ljubljana
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0.75 F
05

0.25

-0.25
-0.5
-0.75

A5(B>K* I I))[g?] at Super B Factory

« Assume 1 year of running at 5x103/nb/sec
« > 5/ab integrated luminosity, 10 billion B

mesons
~ ) ~ o)
AA9£A9F 1;/;’1 é:\/llo/Alm 13% Agg (KA} with 5/ab
- ixed to value
/ Donut : B(B>Xs | 1)
Fr T Ty with140/fb + 100/fb
3 1 Co¥
E 4+ . 1
" ; i eff 6
F = Cione
E E 3
BB b by b b by g 1y
25 5 7.5 10 125 15 175 20 0
@ Gevc? ~
Determine location of the zero 2 9 6 3 0 3
. . . ot C NP
crossing precisely with 50 ab" Cone o
January 5, 2006 University of Dortmund Peter Krizan, Ljubljana

Fundamental Questions in Flavor Physics

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.

January 5, 2006 University of Dortmund Peter Krizan, Ljubljana
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Super B Factory Motivation

» Physics beyond the Standard Model (SM) must exist.
— finite m, matter

- 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 guark

Vo
First estimate of mass: BB mixing > ARGUS v
Direct production, Mass, width etc. > CDF/D0 <
Off-diagonal couplings, phase - BaBar/Belle Vo
« 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.
January 5, 2006 University of Dortmund Peter Krizan, Ljubljana
New physics effects in B physics
Different New Physics scenarios G.Hiller
and their effects in B decays.
Tbl[l}l\{; I[{;{c;g&xw ;_.,(.l'l(.!l(. Llll](. ngm\
ED We "M on', guu.m. tL) w. SM in bulk
htane : 25 e B _
su crso['l""»-, EFMSSM M‘”’bM. (’U%Y L'UT"
SUSY breaking MFV : E MFEV "l
dﬂ'k fraunmgf, 10\‘\- t"ll'lB arge Tl]][} eﬁectl\e bUbY
SM like B physu_&s : new physics in B data
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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...

January 5, 2006 University of Dortmund Peter Krizan, Ljubljana

CPV in b = s and diagnosis of new physics

02 03 04 05 06 07 08 09 1, 02 03 04 05 06 07 08 09 1,
SUSY SU(5)@vg Jos mSUGRA 1 o8
(non-degenerate) . 06 : os

; 0.4 {04
e : Joz

I 02 o

" 0 .5 -_— 0

® 02 # P o2

0.4 : 104
£ ; {08 E i i-08
LA RO coocovict ] 02 BB coocevis ] 08
s B ~ s i
| stoks) S(0Ks)

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

January 5, 2006 University of Dortmund Peter Krizan, Ljubljana
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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.
Example: discover B> Kvv.

—SpSKEKBA” ___LHChOwpa)
- Measure new types of asymmetries  ,%%3 i = |
Example: forward-backward sy i :
asymmetry in b - sup, see 25K H 9
sin2y(Bs - J/qup) ) HH
»  Rich, broad physics program o) iy )
including 5, © and charm physics ~_:° (KﬁV% !
—— ) no info
Examples: searches for > pyand cowan —— ) o o
[D-D mixing with unprecedented BB,[%BS, K“J‘vi —— g
Br(8" - D,
sensitivity. BI{E" - DY) M )
sn2g, !
@(mmisospin) n
a(m i
(K" ) ——
(Bs - KK) ; -
@Bs - D) I |
January 5, 2006 University of Dortmund Ml . . /1, i

T T
950301 01 0505 BT b3 05

Super

. Super B Factory at KEK

RF daflactor
(crab cavity)

New Beam pipe W”‘Mg “"%
-

&N T

Ante-chamber & solenoid coils More RF power
to reduce photo-electron clouds e

Damping ring

Linac upgrade || = 4x1035/cm2 /s

January 5, 2006 University of Dortmund Peter Krizan, Ljubljana

Jr -
[Beam Channel]  [SR Channol] Cooling Channel




Crab crossing in the near future

®Crab crossing may increase the beam-beam parameter up to 0.19'!

g o2 . : : =
(a)

y 0.15 |

0.1 |

0.05 |- _

o 1 1 1
0 0.5 1 1.5 2

I+ {(mA)
®Superconducting crab cavities are
now being tested, will be installed in
KEKB around March 2006.

RF deflector
[eral canity)
o e, o
-— =

|
== erossng angs
|

’;‘ o consion ’;‘

& Crossing angle 22 mrad

(Strong-weak simulation) K. Ohmi

Head-on (crab)

(Strong-strong simulation)

Critical issues at L= 4 x 103%/cm?/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 p identification <« spp recon. eff.
- hermeticity < v “reconstruction”

Possible solution:

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

January 5, 2006 University of Dortmund | { ..

Requirements for the Super B detector

BELLE

Peter Krizan, Ljubljana
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CslI(Tl) 16X,

e Csl (endcap)
N

—— —— ——— ==y
AR SRS AR e s iy I B
o FTYINIAY Y b

improve K/r separation in the forward (high mom.) region for few-body
decays of B’s

good K/r separation for b -> dy, b -> sy
improve purity in fully reconstructed B decays
low momentum (<1GeV/c) e/u/n separation (B ->KiIl)

keep high the efficiency for tagging kaons
January 5, 2006 University of Dortmund Peter Krizan, Ljubljana
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Proximity focusing RICH in the
forward region

K/n separation at 4 GeV/c

aert_r;el photon detector
0(n) ~ 308 mrad (n = 1.05)

Cherenkov ph -“-":" ec(TC)_ eC(K) n 23 mrad

" “-"::::‘;l:rgt‘d particle - dec(meas.) =G0y~ 13 mrad
| R With 20mm thick aerogel and

RS 6mm PMT pad size
|| - 60 separation with Noe~10
2em 20 cm

Peter Krizan, Ljubljana

January 5, 2006 University of Dortmund

Beam test: Cherenkov angle resolution
and number of photons

Beam test results with 2cm thick aerogel tiles:

>4c K/r separation

(a) Cherenkov angle {b) Number of hits

-\:Npe:-' =6.2

Entries

0 0.2 0.4 06
6 (rad)

-> Number of photons has to be increased.

Peter Krizan, Ljubljana

University of Dortmund

January 5, 2006
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photons?

What is the optimal radiator thickness?

Use beam test data on o, and N,

30

a, (mrad)

© n=1.056 —
& n=1.051 -

O A= 1.047 -

40 SICI &
thickness (mm) 2

sigma event [mrad)

o n=1.056, A=300mm —
& n= 1051, A=18.3mm -

1o T T
thickness {(mm)

Minimize the error per track:
m==)  Optimum is close to 2 cm

January 5, 2006

University of Dortmu

How to increase the number of

= =05 A =45
== =005 A =30
= n=l05A =20

Otrack :GO/ ‘/ ( N pe)

20 a0 40

3

thickness [mum]

Gtrackzco/ ‘/ (N pe)

How to increase the number of photons

without degrading the resolution?

normal

Ny | Nz

Radiator with multiple refractive indices

-> stack two tiles with different refractive
indices: “focusing” configuration

Ny

|
]

S~

NIM A548 (2005) 383

Ja

nuary 5, 2006

Nz

Ny<ns

|1
]

University of Dortmund

Peter Krizan, Ljubljana
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=

4cm aerogel single index

January 5, 2006

Focusing configuration — data

L

X/ ndf 467, 7 16 "g
Py 5

5495, = 04 F
P2 0.2065 '

P ﬂ 0.2072E-01

2 &5.32 0l |
P 796.0

i

s 0s e 0.2 o o2 [z
0 frad) txireud)
theta cerenkov ring in cerenkov space
X /ndf T -
ri 70| 5 e}
P2 03074 |
Pi 0.1428E-01
P4 7449 ! 1
Ps S84
nf=7.46
nh= 083
Aid
B s i
o4 0% o4 02 o a2 04
0 frad} txfrad)

Cme—t rmimmny ey

Minimize photon yield losses at the
aerogel tile boundary: hexagonal

tiling scheme

Tiling of the radiator

TR [
N AT
N e tesezele |
N =000 — Cut into hexagonal shape from a
\Q . /"
ST OS0P square block
oo | OO € _ _
. L ) — Machining device: use “water-jet”
e v thanks to the hydrophobic nature
January 5, 2006 University of Dortmund Peter Krizan, Ljubljana
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KEKB Collider Upgrade Scenario

Projection of KEKB Luminosity
T T T T T

L e — r T 1

as| | Lpea = 1.6x10%cm2st ~1010 BB/ "
_ year !!

aof | Lot = 469fb™ (Nov.30, 200¢) & similar number

]
3]

@
<

]
(=]

-
L3 [=]
° TTTTT T T T T T T I T I T T T T T T T I T I TT TTTTITrT T[TTTT[TTTT
g T

Integrated LuNminosity {/ab)

Intngrated Lameosty (logged]

. world records !

-

|'IIII 1

of t*t-

Major upgrade of

KEKB & Belle detector \g/@)

(>1yr shutdown)

T Zh N

N
8 \I\I‘IH\‘I\I\|\I\I‘\HI‘I\I\|\IH‘\I \|\IH‘\I\I
-]

2% 2005 ‘ I 2010 2015 I
Year
Lpeak (CM251) 1.6x103¢ 5x1034 5x103
Lint 469 fb! ~1 ab! ~10 ab
January 5, 2006 University of Dortmund Peter Krizan, Ljubljana
=)
Yamauchi’s Schedule for Super B
A Super B proposal was submitted to MEXT in August 2005.
KEKB/Belle project receives a grade of S(i.e. A+) in gov. review
A search for a new KEK laboratory director is underway.
Construct. J-PARG 1 construction T2K ILC consfruction
fnc 2> g
SuperKEKB const.
Operation > <€
fund &G}
Crab|cavity
KEKB Vv
machine KEKB 4\ lT\>1o)ofb-1 SuperKEKB
Belle “Minor” upgrade “Major” upgrade
VvV | <€ >
2004 05 06 07 08 09 10 11 12
Calendar year
January 5, 2006 University of Dortmund Peter Krizan, Ljubljana
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Yamauchi’s budget for Super B

SuperKEKB FX&tH# (2005.1.11)
[3%A: 465.8 Oku-yen|

140
120 [ B
100 [| B!
B !
g
80 L
W Contre
i}

Budget (Oku-yen)

2010 2011

2009

2006 2007 2008

Fiscal Year
January 5, Zuuo university or vortmuna Peter Krizan, L]uDIJana

® (QObservation of direct CP violation in B — n*n~ and
K*rn~ decays, evidence in B- — p? K-

® CP violation in b->s transitions remains bellow SM
expectation, but

® Forward-backward asymmetry (Agg) in b>sl*lis
becoming another powerfull tool to search for physics

beyond SM.

® \We are entering an exciting phase of precision
measurements.

.... and there are much more interesting results, but

could not be covered in this talk!
January 5, 2006 University of Dortmund Peter Krizan, Ljubljana
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Summary 2

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

Reliable long term operation, constant improvement of the
performance.

Short term plan: increase luminosity x3 by a crab cavity
Major upgrade in 2009-10 -> Super B factory, L x30

Essentially a new project, all components have to be
replaced, plans exist (Lol), nothing is frozen...

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

Do not miss the chance to be part of it...
January 5, 2006 University of Dortmund Peter Krizan, Ljubljana
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