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Experimental methods in DY mixing searches

The method: investigate D decays in the decay sequence:
D**— D+, DO9—specific final states

Used for tagging the initial flavour and for background reduction

D° or D° at decay time n

\ K

K rt

D*+ — DO tt
/ Tts

D° or D° at

production time
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Dems(D*) > 2.5 GeV/c eliminates D meson production from b — ¢



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

Decay time distributions for KK, ntrt, Kr
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D9 mixing in K *m

evzicd} y

time-dependent Dalitz plot analysis AW
different decays identified through Dalitz plot analysis®. i %
CF: DO — K*-rt* NE+ |
DCS: DO — K*+ ¢ -
CP: DO — po Kg cf

' _ . L i
time-dependence: o7 Geviie!)

p(m’,m, 1) =(Kyz'z | D°(1) = m,2=m?(K n*): Dalitz variables

lq
2p _
<f|DO> <f|D%>

M2 =My, - /2 = (X,Y)

= %fl(mf, m2)le™" +e ! ]+

A(m?, mf)[e‘mlt —e‘”zt]

analogous for M= <f | 5°(t) >

Rate: terms with cos(xI't) exp(-I't), sin(xI't) exp(-I't),
exp(-(1+-y) I't) > sensitive tox and y




D9 mixing in K n¥m

Signal

N.i,= (534.4+0.8)x103

sig™

P~ 95%

Dalitz model

(GeViic?)
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18 resonant BW terms + non-resonant contribution

Fit M(m_2,m,2,t) to data distribution = x, y
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D% mixing: all results combined

Assuming no CPV
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Purely leptonic decay B>t v

e Challenge: B decay with at least two neutrinos

e Proceeds via W annihilation in the SM. WQ+
B+
e Branching fraction u ’

2 2 2

2
L— —5£ ) F21V,l?
- mQB) f5Vaw|“75

B(B- = {v)=

e Provide information of f;|V |
— |V from BOX, | v wep f; @ ) Lattice

— Br(B->1v)/Am, = Vil / Vil

e Limits on charged Higgs
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Full Reconstruction Method

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

b7 <j B>X, | v,

o B2>Kvv
(gc}evﬁg? «—et+(35GeV) | B3Drv, v
Y(4 -
B / (= full reconstruction
K4 B->Dr etc. (0.1~0.3%)

- Offline B meson beam!

Powerful tool for B decays with neutrinos
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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
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B>t vV

T decay modes
T > UuUVV,evy

— _ -0 _ 4 :5. | | | | | | | | | T
T DAV, T TV, T T TV §
— Cover 81% of t decays S
— Efficiency 15.8% >
5
Event selection T
— Main discriminant: extra
neutral ECL energy
F_it t0 Eresiqual 2 17'2+-§}'.37
signal events.
- 3.50 significance s S VORI IO

including systematics E.., (GeV)



B2>1v.

= | BFB" > r'v,)=(.794514)x10"

2 2
SM /p+ + 2 ¢2 ) m
(B >/ v):é’vub\ fgmgm, [l_m%]
- Product of B meson decay constant f; and CKM matrix element |V, |
_ +1.6+1.3 —4
fo xV, =(10.1716712 )5 10 GeV
Using |V,,| = (4.39 £ 0.33)x 103 from HFAG

. +36+34
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) ]
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Charged Higgs contribution to

B>tV
m, tan S+ m, cot S I N /
' /! ; /
_ : m_tan S Sl —0.01 . /
ll | ) . /l/:?
b : .: €0 Tooey = U ;o /
! v 1.
H+/WH+ s
u 7t
0.
tan 3/ Muy+ go = SUSY corrections

to b Yukawa coupling

) 9 The interference is destructive in
mpg 2 2HDM (type II). B >B., implies
=|1—-—F"ta SM
"H ( nf ) that H* contribution dominates
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Charged Higgs limits from B > 1t v,

m, tan S+ m, cot S

If the theoretical prediction is taken for fg -

- limit on charged Higgs mass vs. tanf
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B—K™) 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™*hvv: present limits

M Limit on light dark matter based
on the K *vv limits (using theory
predictions, C. Bird, PRL 93, 201803 (2004)

DELPHI 5
| |

Belle ] B k0

+ + =
B ->K"vv

L~ ! !
B 102f C
2 g I H
. Q @ .
- 9 ! I
g = v
! i
‘ '%0 10_3 E : ] ’.’
P ' CLEO
>
+ .
M 10—4 _

Belle

Exclusion

SM branching fraction
N N N N B B

0 0.5 1 1.5 2
M (GeV/cd)

l Limit depends on P*(K) momentum cut
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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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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
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How can New Physics contribute to b—>s?

For example in the process:

0] r 470
B"—>nkK Ordinary penguin diagram with
W+ a t quark in the loop
b 5
s
B° t 9 &
K:
d g i . ] )
b —— . S
b, e n
Diagram with 0 5. % s
supersymmetric particles g %‘<5‘ K0
d g d ~°
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Prediction in SM:

B° - n'K° a, =—Im(A, )sin(Amt)
W+
b sy Im(2)=¢& sin2¢
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¢,&
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Result of 2003 (140/fb): surprise!

Measurement: points with
error bars.

—

o
&)

Standard Model
predictions: dotted

Raw Asymmetry
o
o o

Result of the unbinned
likelihood fit: blue

CUurve

1
1 —

Measure: S=-0.96+0.50, expect S= Sin2¢,=+0.731 + 0.056

not conclusive - needed more data
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Search for NP: b—sqq

BaB
sin(2p° )—sm(2¢1 HEE  \cLEPOS o

PRELIMINARY .
b—ccs  World Avefage : i 0.68 £ 0.03 Naive dverage
4 . BaBar ; 5 0.12+0.31£0.10 | "\
X Belle : : ot 0.50 £ 0.21 + 0.06 0.26+0.25+0.04
Average : — | ! 0.39+0.18 N 0. 25
T Ry T s 0 Y008 0.67% 55+0.07
< Belle : : P 0.64+0.10+0.04
- ; H : ; +
< Average ' b : 0.59 +0.08 0.450.18
o ¥ BaBar | i |~ . 0.66 % 0.26 + 0.08
& Belle : ; —d 0.30 +0.32+0.08 0.57+0.08+0.02
» Average ! E e 0.5140.21
........ x o IR s vt
\ uuuuu - : .50 Do n v U_'u,Cﬁ-_'/ 0'6410'10i0'04
g 33+0.35+0.08
G&iﬂ@n pengu ui_modeé 0.60+0.07
Ba O
0.71+£0.24+0.04
éw Belle : : — 0.11 £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——— | . -0.8440.71+0.08
- Average——k—— | | -0.84 +0.71
W BaBarQzB ; 1 (I ETECEr Ak Need much more data
‘¢ Belle : : ' 0.68+0.15+0.03 07

L. Average :

0582013 2 to clarify the issue

-2 -1 0 1 2
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Searches for new sources of
auark mixina and CP violatio

n
VMGAIL TN IIIII\IIu Al INA w1l (Y | 11

CP asymmetries of penguin dominated B decays

~ Present upper Deviation from SM
| :,-l‘!mltS New Physics
| ".F ( SUSY GUT, Warped Extra Dimension,
= - :: i ) String-inspired MSSM,i
= o
5 New source of CP
Sl violation
T ool e
= 005 | .o :
8 0.04 } "4’3 2_ . l
Measurements _—»-:
"= at upgraded KEK o Relevant to
0.02 = M o] e )
o 1 0 (ab ) baryogenesis”

Reach of present
B factories

Reach of upgraded

KEKB
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A difference in the direct violation of
CP symmetry in B+ and B° decays

CP asymmetry
N(B - f)-N(B - f)
" NB - f)+NB - f)

LETTERS

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

Difference between B+ and B° decays
In SM expect 4, . - = A

K *r70 750 |

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

GeCaY MOSC e, et 52, 232 o)




Another FCNC decay: B > K" I+ I

/- 4 /

u ,d E Illd

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

Particularly sensitive: backward-forward asymmetry in K* [

Acg o R| Clo(SCS (5)+1(5)C,) |

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



Backward-forward asymmetry in K* |1

|+

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 ]

657 M BB

Acg o R| Clo(SCST () +1(5)C;) |

L L L L o --I--II-T-'-."n-An.-..-\.l..nl.-l.--ln-l‘I I | L
0 2 4 6 8 10 12 14 16 18 20
q (GeV*/c?)
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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-1.

.1_' N I D ]
- , MC, 50 ab! 1
B SuperB F5IM B—K I'l at 50 ab ]
0.5 ]
- T ey JF .
- -+ ™ .

6 wﬂ—fk
0.5 _
-11:_ : 10 i T -
g (GeViic)

Strong competition from LHCb and ATLAS/CMS
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LFV and New Physics

Y T U
2 =
L@_ﬂ@ )
2
m SUSY + Seasa\(/\r/]n s B Neutral Higgs mediated decay.
W Large LFV Br(t>uy)=0(10-7~9) B Important when Msusy >> EW scale.
Br(z > 3u) =
Br(zr = uy)210°° x[<mtz)32 ][ITer tan” 3 4%107 X[(mé )32 ](tanﬂf [IOOGeV T
m: Mgysy mé 60 m,
model Br(t—uy) Br(z—lll)
mMSUGRA+seesaw 107 10-°
SUSY+S0(10) 108 10-10
SM+seesaw 102 10-10
Non-Universal Z’ 10-° 108
SUSY+Higgs 10-10 107

bljana 28



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
mSUGRA +Seesau\) -
SUSY+SO(10) %
8 =
10 | =
=]
SM+seesaw &
SUSY+Higgs Super ctory
-9
10 '
07 107 .
) Integ. Lum ( ab ) 0 ="."- '; 1000 15DD 2000 2500 3000
Reach of B factories i) [GeV]
Upgraded KEKB T.Goto et al., 2007
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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



New hadrons at B-factories

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

1 g
- Y(4660) || Z(4430) j Molecular stafe
£ D, (2860)
oo D, ,(2700)
= X_, (3090 |
z j /JY(4320)
Q 400 _ ~)
£ ez |
E X(3940), Y(3940) / fe ]
5300 ( )* (3940) y e
200 2, ba.ryon_>
- X(3872) | |
100 DL;(231772460)
& e*e"Dcccc |

. L
99/6 00/6 01/6 02/6 03/6 04/6 05/6 06/6 07/6
and more...
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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 B Factory Motivation 2

o A lesson 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 _ i _
) : d it b V. V
Off-diagonal couplings, phase > BaBar/Belle £ V) Vs Voo

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

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 e+

Damping Si vertex detector with

ring for e* very short strips Background tolerant

small cell
drift chamber

SR

’ G
[Beam Channel] [SR Channel] ] Cooling Channel
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Crab cavity commissioning

22 mrad.
crossing

crab crossing

Installed in the KEKB tunnel
(February 2007)

) L




SC solenoid
1.5T N[

u/ K, detection

14/15 lyr. RPC+

systems

Be

le Upgrade for Super-B

Csl(TI) 16X,

ure Csl (endcap)

5 “TOP” or DIRC
Aérogel RICH

=

S

kov counter




Readout chip: VA1ITA-> APV25

— Reduction of occupancy coming from
beam background.

— Pipeline readout to reduce dead time.

Sensors of the innermost layer:
Normal double sided Si detector
(DSSD) - Pixel sensors

Configuration: 4 layers =26 layers
(outer radius = 8cm—->14cm)

— More robust tracking
— Higher Ks vertex reconstruction efficiency

Inner radius: 1.5cm - 1.0cm
— Better vertex resolution. Not on day 1.

SVD Upgrade

15 [ Super KEKB VTX (r—g view)

Ny

Slant layer to keep the

acceptance
[ S-'.'f_per KEKB W)&—z view)
o i
B / ----- .
30. P .ZIO. L .1I0. P .(I}. P .1I0. P .2IO. P .SIO. P .40

cm
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Aerogel RICH

e Proximity focusing RICH with multilayer aerogel
radiator with different indices.

Multi-pixel photodetector to measure

single photon positions in B=1.5T
- HAPD/MCP-PMT/G-APD

Aerogel radiator photodetector
n1=1.045
n2=1.055

Highly transparent aerogei :
A; > 40mm (A=400nm)
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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



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
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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, plans
exist (Lol and baseline design), nothing is frozen...

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

i/ ~krizan/sola/bad-liebenzell/bad-liebenzell.html

Peter Krizan, Ljubljana



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

Peter Krizan, Ljubljana




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

/s
[Beam Channel] [SR Channel] Cooling Channel

September 5, 2008 NIKHEF Peter Krizan, Ljubljana



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.
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Requirements for the Super B detector
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Model-indep. check of NP

M. Gronau, PLB 627, 82 (2005);
D. Atwood & A. Soni, Phys. Rev. D 58, 036005(1998).
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Sum rule predicts A ,(Kz%) = -0.151+0.043
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b->sss decays

W V*qs
Pure pengu-in b S (I) (nl)
diagrams S0 q _
> sj

Vb \
q RN

S
d Ks (K

A(SSS) =V, V., (P —PH+V, V.. (P —P).

VcbVCS*=A7”2 Vuqus*=A}”4 Cp_-i T])
V.V, V.,V
First term dominates > Ay, = 77¢KS[ ot j[ . CZ)
thth Vchcb
Im(Ay ) =sin2¢ =sin2f

A same as for J/yKs
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