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The CKM Matrix and Unitarity e
Jy q; weak decays of hadrons (quarks change flavor)
q ~* 4 CKM are described in the SM by the (unitary) CKM matrix
~V;
’ Cabibbo, Kobayashi, Maskawa A =sinf,
W
Vud Vus Vub 1 o )\2 / 2 )\ A)\B(IO @
Vet =y vV V| = 11—\ /2 AN
Vi Ve Vs AAS 1—p @ —AN 1
large angles =
—> VWV V.V VY =0 arge OP
V.V
Triangle for K mesons Vub ! b " td

—>VV —I—VV +V.V =0

td " tb

Triangle for B mesons

Z)Vcd (almost real)
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D
Where do we Measure? <

25 - S — - B-factories at KEK and SLAC
a1 eTeT 5 TMS)  Y@AS)—>BYBY(50%), BB (50%)
_;% 15 ;f \

v

R (2S) ] guantum entangled
0F (39)
W@ - ¢ 3 . ]
L s P £ X ] Y (4S) Energy Scan
0 ) 1 . o PEP-II
9.44 9.46 10.00 10.02 10.34 10.37 10.54 i BABAR
Mass (GeV/c?) '
e 8 GeV
—O_

e’ 3.5 GeV

Beam energies are asymmetric:

B‘s have the same Lorentz boost, translate
time to distance of average decay length
~200 um (¢t — z ), flavor of the CP decay
of one B determined by the other B

Large background
from continuum of
light quarks (udsc)
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Types of CP Violation in the B-System

B 7 2 B 7 2 direct

7 irec
“\ / 7~ ‘O\ / CP violation
(charged and
neutral B mesons)

L@l | |E@ e |
C
~ - ~ P mixing-induced
—|— # —|— CP violation

0@ for lo @ for

(only
neutral B mesons)

. mixing"“:
I 0 =0
q —172 b b B, = pB —¢B
p d Cd  Am=M(B,) - M(B,)
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Mixing-Induced CP Asymmetry <2

Def. AB’ = y)=A4 AB’—-y)=A4
N CP eigenstate

_ \{w
N(B” — y;t) — N(B O—WP; t') N -2igy

‘ACP(w?At)
N(B" — 4s;t) + N(B” — 1)
2
1—|\ 2Im(\
— 4 > COS AmAt + ¢2) sin AmAt
\_1 + (A " / 1+
Y Y
/
A At =1t—t Sy
A Direct CP-Violation
< I WK :
f CP-Violation via Mixing and Decay 5
(,mixing-induced” CP violation) )‘CP — e 12¢)
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Belle I

convoluted
with
detector
resolution

vvvvvvvvvvvvvvvvvvv

6 4 -2 0 2 4
Atlps] o At[ps]
Direct CP violation: A, = 0 3':),( I\:gg:%:]ced 06
0,4
A (Ap) = VB - N(B.1) N o =9\
cP N(Bo,t)—l— N(Bo,t/) \\;6 -4 2 2‘; 4 6
— Af cos AmAt + S, sin AmAt \\\ //_g,: At [pS]
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Luminosity accumulated at Present B-Factories g

Integrated Luminosity(cal) 30.6.2010: KEKB stopped
1600: T N — ﬁ>1.° ab-1
. |——KEKB ' On-resonance samples:
1400 empgp.y [ e ﬁ 45: 711 fb! ey
- |—Werld . <>
1200 -——FFTM BB}l e { 22 ;201;:11
1000} [KEKB | 25: 24 fb?
| for Belle 15: 5.7 bl
800 | Off-resonance: 87 fb™
. ~470M BB
600/ ~ &
[ PEP-II j 293 b
[ tor BaBar | On-resonance samples:
00— 145:433fb' @
_ 3S: 30 fb
00} i {25:14 bl
[ t a -
ol s‘opped‘ | Off-resonance: 54 fb™

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 201071
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How do we see the New Physics ? <2

(psN) |:> Rare decays, e.g.

1

5 observables to measure: ( ) _l_

2 SldeS, 3 ang|eS ; (i
heavily over-determined

NP
Standard Model: all 5 measurements LL'-‘_< [
must give consistency with the triangle I

unexpectedly
If triangle ,does not close” =» BENCIWASHIVE[CI <«— large” branching
fractions

C. Kiesling, Project Review 2010, MPI, Dec. 20-21, 2010 9




Measuring the Angles (®,,®,,9;) <D

(M)

— — BO(EO) — T, PP, P, 0T | Br ~ 107Y
VisVa b

(5 1 vy 7

V/b Vud

!

T~P
. _1n—4 T or P dominates
\ Ty /  Br-~10 b C
BYB% - DKy, Dr||BB") = JWK, OEO _m%g/\;
Y, Y] d
— K _ gbKS,L .

b SW

Br~10"" ~" a _ 5
— L :
OB p %ﬁ T (only) OB ] ;]%%\S<2 P
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D
Comparison Tree and Penguins for ¢, ()

b — ccs tree ~ sin(2B )_s (2(|) %

PRELIMINARY
h _ b—ccs World Average *‘H 0.67 + 9.02
— S enquins — | i i
49  peng o K° Avetage ‘ F——1 056152
penguins from K" Avetage .y 0.59 + §.07
2-body decays T [ .
K Kg K Average 074+ 0.17
penguins from __ [®°K®  Aveiage : —t—  057+0.17
Dalitz plot —— 'K, Aveiage , —t 0.54 1018
analysis @ | o womeaorens o oo e . &
\ ®Ks  Avetage : * 0.45 + (.24
only small contr. f,Ks  Aveiage e - ?8:1%
from T -> eff.” e s B g e S M A AR s e W
K"K K" Avetage '—"ho*82+007

0.2 0 0.2 0.4 0.6 0.8 1

¢, from tree and off
penguins consistent, but ... Theory (SM) predicts ¢1 > ¢1
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Another Puzzle: Direct CP Violationin B — K7 (=

750

A (Km7)<0
WA: —0.098 = 0.012

500

250

|

r
= |k
+
9
o_

Ap(Ktn’)>0
WA: +0.050 4= 0.025

should be equal !

- Large color-suppressed
o tree amplitude?

5.2 5.25 5.2 5.25 - Enhanced EW penguin?
Nature 452, 332 (2008) M, (GeV/c?) - New Physics?
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Adding to the Krm Puzzle Do

Belle I

Isospin relation provides test for New Physics:
BT(KO7T+) Ty

Ao (Ktr )+ A (K07 )
“r “r Br(K n™) T4

2Br(KTx%) T 0 0.2Br(K"7"
( ) 0 +AC’P(K e ) ( )

K+7TO)
Br(KTrn™) T4 Br(K'n™)

= Acpl

Need to measure BO — K 770

g first Belle paper by MPI group

PRD 81 (2010) 011101

Isospin sum rule predicts: ACP(KOWO) = —0.153 £ 0.045
We measure: .ACP(KOWO) — +0.14 £ 0.14

(1.9 o deviation)

C. Kiesling, Project Review 2010, MPI, Dec. 20-21, 2010 13
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Ongoing and Planned Analyses @ MPI N
Mode Physics parameter(s) of interest

Sin 201, cos 201

sin 291
BV I\'2.7r+7r_
BY - K*tqa—, K*t(1430)7~ Acp tr:r? /uin
-
B? — pPK?2, foK2, foK2, fx K2, xc1 K2 b1 Eongistency
Acp,sin2¢q n ®;
sin 20 B
B s atn~  Ktn~ , KtK~ Acp,sin2¢; |
BO _, /7’0/’0 ’ ,0+p_ sin 209 B Zlc);zorannpellleyfzis
B® = a7 sin 2¢s —

Members involved: V. Chobanova, J. Dalseno, C.K., S. Koblitz,
A. Moll, E. Nedelkovska, K. Prothmann, P. Vanhoefer

C. Kiesling, Project Review 2010, MPI, Dec. 20-21, 2010 14



New Analysis Strategy of MPI group L=

Belle I

O b — wud strongly suppressed by CKM matrix elements (T & P)

— high background levels (other B decays, continuum)

= construct variables to discriminate signal from continuum

O Standard Belle procedure: cuts on variables to optimize S / /S + B

@ J. Dalseno et al.: minimize # of cuts, instead use multi-variate
fitting approach to get best signal sensitivity

Example B" — cz1(1260)Jr T 3 140

O 120

previously now (@QMPI) S 100;

. 80"

off 86%  19.1% > w0

BR 13.2+3.0 132+1.6 (x10%) *2 40
similarly: s 23‘

eff (p°2°) 9% 23 % (PitV.) 0.2 -0.12 -0.04 0.04 0.12 0.2

Nsig 25 + 29 57 + 23  (only 1/3 of data) A E (GeV)

C. Kiesling, Project Review 2010, MPI, Dec. 20-21, 2010 15



Ongoing Analyses of MPI group: measure @, {B

b — uud @
d ’g’ W%
o - §
0 ‘ g =0
OB § > - B

b . U 0 0 /

i m TP
BO W «—— color-suppressed (~1/9)
d WO, po Present value of a: 92 + 7 °
0 + -
B” — m'm  Kolja Prothmann O hope to improve with full

Belle data sample +

— P p Pit Vanhoefer new analysis methods

— o0,V Pit Vanhoefer
p P . L

O isospin analyis to lift the
— T veremy Dalseno ambiguities (GL method)

C. Kiesling, Project Review 2010, MPI, Dec. 20-21, 2010 16



Analyses just Started: Tree vs. Penguin Do

BO—>wKS (V.C.) b % S B

Y — KO
penguin-dominated, d
significant improvement . p
with full data set d W
) 4(25)
O 297" (EN) 730 W™ ¢
Color-suppressed tree, d 7_‘_()

check penguin contamlnatlon
in BY — J K"

hope for first measurment in Belle

BY = D*+D*—KS (MR)  /
lift sign ambiguity for @, B0
|deal to test slow pion finder

=

C. Kiesling, Project Review 2010, MPI, Dec. 20-21, 2010
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SuperKEKB and Belle,f I
) Belle'ij/ Collaboratq.on founded In\DechQOSJ ~.-.:

o “now_over 350members fromﬁ-f---

sTan\dﬁ3 cou ntries |

ﬁnstltutmn

npa tiCi _atlon. l
3 ~ 'aﬁqubhi’ i
o (maigly in-Rixel-Ver exDetector |

; %”* PXD project led by MPI

-\ . // s
\uperKEKB increase lun
=4 Jg ey [Project glven “Gre’én

/ Two more steps: MoEand parllament (2011 3)




D
o

Belle I

FY2009 FY2010

e+ new matching & L-band acc.

Construction Schedule of SuperKEKB/Belle Il

FY2011

FY2012 FY2013 FY2014

Linac . ! ‘
* 0
% I e+ beam commissioning N
RF-gun & laser system A gallery — -
I __ Design study by | comm'f_ssﬁing 3 test stand L_:to A 1
- I e-beam con:missioning >
Damping Ring Facilities | Tunnel construction D
l construction ) DR commissioning 3
Components RE&D i S 1 {
% | T - > l on >
Main Ring Facilities | Building construction >
Components % | — — | ) ‘ MR commissioning >
ass Fabrication
T | lnsnm) >
4 | i | BEASTH
Belle Il Detector Ad-hoc dutactor for MR commissiening
= N .
‘q— Mass Production First beams
Construction
| P Oct. 1, 2014
| Installation (KLM) = Installation (E-cap) >

Official KEK schedule

C. Kiesling, Project Review 2010, MPI, Dec. 20-21, 2010

Ready to Roll-in

B

Cosmic Ray Test

|mn§naﬁon(und)>
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D . .
Detector: Baseline Design

Dackgrouna KLM (,K_ p barrel)
0 ) » | KLM
7 GeV e y - (endc.)
& Lo W CL(Cs(T)
,packward” (Csl) | PI{D%J"E“S” éﬁCsl) 4 GeV e*

“"Belle 11"

Jforward”

Belle o

SVD: 4 lyr -> 2 DEPFET layers + 4 DSSD layers
CDC: small cell, long lever arm PN new dead time free
ACC+TOF -> TOP+A-RICH = readout and

ECL: waveform sampling, pure Csl for end-caps high speed

KLM: RPC -> Scintillator +SiPM (end-caps) computing systems




Belle I

SuperKEKB: Nano beam option, 1 cm radius of beam pipeA/ PXD*

O 2 layer Si pixel detector (DEPFET technology)
(R=1.4,2.2 cm) monolithic sensor
thickness 75 um (1), pixel size ~50 x 50 ym?

O 4 layer Si strip detector (DSSD) __
(R=3.8, 8.0, 11.5, 14.0 cm)

VD"

DEPFET. Significant improvement in z-vertex resolution

thin sensor (50 ym)
unique worldwide oumll\ ' pyPs

100 I ’ ,’, """"" —:
50 Y | e

N “*\ 130um

e o i

0 04 08 12 16 20
pBsin(6) [GeVic] o

C. Kiesling, Project Review 2010, MPI, Dec. 20-21, 2010



DEPFET-Collab. @ Belle Il <

Mission: DEPFET pixel detector @ Belle || by end of 2013

University of Barcelona, Spain

CNM, Barcelona, Spain

IHEP Beijing, China

University of Bonn (N. Wermes, H. Kruger)
University of Heidelberg (P. Fischer, I. Peric)
University of Giessen (W. Kihn, S. Lange)
University of Gottingen (A. Frey)

University of Karlsruhe (T. Mdller, M. Feindt)
IFJ PAN, Krakow, Poland
Ludw.-Max.-University, Munich (J. Schieck)
Max-Planck-Institute for Physics, Munich
Technical University, Munich (S. Paul)
Charles University, Prague, Czech Republic
IFCA Santander, Spain

IFIC, Valencia, Spain

C. Kiesling, Project Review 2010, MPI, Dec. 20-21, 2010

\

DEPFET@Belle Il
Management:

o Project Leader
C. Kiesling (MPI)

o Technical Coord.
H.-G. Moser (MPI)

° |IB- Board
Chair: Z. Dolezal (Prag)

° |Integration Coordinator
Shuji Tanaka (KEK)

22



PXD Project - Layout =
2 layers: @1.4(2.2) cm

Pixels: 50 x 50(75) um
half A Thickness:
ladder: | 75 um
~800
rows total of 8 Mpx

readout: 20 us
250 i ,
cols | GIE/BN
15x | |
Power Supplies / DAQ

(7ES5) Trigger,

Timimg
mm Data

V' TwWpP|[ Power,
Panel iy j Control

LMU/BN

C. Kiesling, Project Review 2010, MPI, Dec. 20-21, 2010 23




Main Tasks for our Group in Belle |l S

© @ Design and production of radiation-hard DEPFET sensors

g C. Koffmane
'c% @ Development of test procedures for QC A Ritter

T M. Ritter

@ Design and construction of the sensor support and the (P, Mgller)
cooling system

@ Design and construction of the PXD support on the beam pipe

@ Optimization of the DEPFET sensors for Belle-Il A Moll

. . . K. Prothmann
@ Design of algorithms for the PXD data reduction M. Ritter

(C. Heller)

Software

@ Development of simulation/reconstruction framework

@ Development of tracking algorithms and PXD alignment

C. Kiesling, Project Review 2010, MPI, Dec. 20-21, 2010 24



Mechanics and Cooling <>

Belle I

CO2 (2-phase evaporative) Cooling is
baseline for the PXD (~ -20 °C)

7

F
W
7 /
<=
e
ﬂ;.’:—.i‘ﬁ"ﬁm ———=
o
]
T
4
=y
7

P
0 ®

CO2 pipes within the PXD
support structure (needs to
stand 120 Bar)

=» new design of support structure,
based on novel 3D '
manufacturing using INOX

(,rapid prototyping")
New idea for air flow:

additional carbon pipes
for direct air cooling

of the switcher chips t K. Ackermann (MPI)

C. Kiesling, Project Review 2010, MPI, Dec. 20-21, 2010 25



channel

(infout) material INOX

outer DEPFET module

design: K.A. (MPI)
manufactured by Fruth

Innovative Technology (FIT) module fixed by screw

C. Kiesling, Project Review 2010, MPI, Dec. 20-21, 2010 26
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Belle I

tested to withstand
120 bars:

all OK

tested for tightness:

2 of 6 OK

O 2 tight blocks now at Karlsruhe for CO2 cooling tests

C. Kiesling, Project Review 2010, MPI, Dec. 20-21, 2010 27
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Full-Size Mockup of the PXD <

..with real thinned
Si ladders

C. Kiesling, Project Review 2010, MPI, Dec. 20-21, 2010
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[ ] [ ]
Problem: New Beam Pipe Design D
elle
<€ » - n
Straight section Kohriki
e 232.9 i
- g6 1395 -
i B — 8 126.5 = 13
-e1 215 855 108 215 > SUS-SUS EBW-1
= ‘ = Be-SUS304 O 11} " /
us.r.a.v.& < a ™ a-/ . =l 2o V :
NG - ) %
3| s -~ 21 | 3| < iy NP HE AL ela
o | N = _ ) -— -1 o} ¢ = ~ = J -
el|® SUS304:nner tlbe /‘*\ __;i_ e| e 5 s Dddnnas s|s
- = 7
Tz C Beldnner tube
HIpiES SUSI0aMsnfold ' SeOuter .'“".\ SUS304:Mankole ¥
8 00( ¢ 20 R 45 8E) 100! & 204781 385 \Te
e . X HIPIES
Very simple Be structure \ 2A—t:5U8

Short Be part, additional SS part -> outer radius increased!!
new radius: 12.7 mm +0-0.1 (was 12.0 mm!!)

Consequence: too little (?) clearance between SS and PXD ladder
attention: ASIC + caps + wire bonds
(PXD ladder @14 mm)

C. Kiesling, Project Review 2010, MPI, Dec. 20-21, 2010 29
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QED Background @ SuperKEKB =

PT th cut Lab Energy lower part

Entries 792
Mean 0.017
RMS 0.01221

— KW
-=- BDK

electrons with E > 5.8 MeV
will hit the PXD !

Spectrum normalized to

one event
(PXD @ SuperKEKB)

SuperB MC
expect many additional hits 10
(> 1.5 % occupancy in PXD) I T I 5

001 0.02 0.03 0.04 005 0-06 0.07 0.08 0.09 0.1

(@]
o

Have only MC for these low momentum electrons GeV

Experiment @ KEKB with random triggers (E. Nedelkovska, A. Moll) in May:
|ldea: - vary luminosity to study machine background extrapolated to L= 0

- subtract this background, excess rate due to QED processes

- no tracks -> look only at hits in the Si detector

C. Kiesling, Project Review 2010, MPI, Dec. 20-21, 2010 30
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Result from CDC Hit Correction <o
2nd - 4th SVD layer, hits corrected - all exp. (layer 1 excluded)
35¢
- <x>=-29+21 QED_histogram - CDC hits corrected
30— _ Entries 66
- KW expectation: Mean 2934
o5 :_037 hits RMS 2.194
- Constant 126.3+ 5.0
o0 SUPErB number: Mean  -2.925+ 0.097
E 5.9 hits (16 times KW) Sigma 2086 +0.107
15 l |
downward fluctuation seen:

excluded at the
99.99 % CL

———

10 assume <x> = (0.37:

excluded at the 99.6 % C.L.

IIIIIIIIIIIIIIII

llllll llllllllltllllllllllllll

% -0 -30 20 -10 0 10 20 30 40 50
expectation: MPIT TSuperB av. # of SVD hits

C. Kiesling, Project Review 2010, MPI, Dec. 20-21, 2010 31
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Schedule for the PXD-Project Do

Belle I

‘ 2009 ‘ 2010 ‘ 2011 ‘ 2012 ‘ 2013 ‘ 2014 ‘

2009 2010 2011 m 2013 2014
123456780###123456780###123456780### 123456780###8123456789#%¢%#

SEeNsors

___ switcher ASICs
% DHP, DHH Module

e — production
S — mechanics

2009 2010

2011 —
t234ss789rrsi23ascrsessri23456789 Gohadyle still t|ght, but somewhat

more relaxed now ...
C. Kiesling, Project Review 2010, MPI, Dec. 20-21, 2010 32



Belle I

Prepare for Belle |l: Belle Detector (Forward Side)

iR

4 By
_ﬁ el 1 2 1
> —aa

U v == Nov. 2010

7 '; ~ g = P, P _w' o g - .
C. Kiesling, Project Review 2010, MPI, Dec. 20-21, 2010 33




= -\

"1 Nov. 2010



Ay
0l

A TN %Ay
s N 2 4
< Y y B 2
\

()

- - A
A e
b - - TN, - R . =
sr R .
T - = - e
- \ Y y -
- . b b S <
A . e iy 4 ) . 5 o e N o
- . ¥ 3 . - - A - ' - . w
P ‘ | . Aode s
= - 4 S N o .
4 2y ! 9 - 2t \ X - ..
ol gy e 5 2 - . e o .
L . adey R . . 2 - A~ .
- gl ey R . - N - . - u-" g - [
A . . " : S - e s\ we

ct Review 2010, MPI, Dec. 20-21, ' o ’ 35

C. Kiesling, Project



=

~— Ground Breaking Ceremony at KEK on April 8, 20
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Conclusions <o

@ ,New Physics" needed to explain the observed matter-
antimatter asymmetry == new sources of CP violation must exist !

@ A new generation of B factories planned to search for Qf:’ via NP:
=P the precision frontier (complementary to the LHC program)

o AtKEK (Japan), the SuperKEKB project is well under way:
Initial funding by Japanese Gorvernment (110 M$ for 2011) granted

=P |, ,Green Light" for SuperKEKB

@ Machine and detector ready for data taking by end of 2014 (tight!)

@ Essential contribution from MPI: PXD (sensor production, mechanics)
with own and unique(!) technology: DEPFET

@ | Very high visibility and impact of the MPI group within the
DEPFET and Belle / Belle Il collaborations.

C. Kiesling, Project Review 2010, MPI, Dec. 20-21, 2010 37
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Do

Belle I

Backup

C. Kiesling, Project Review 2010, MPI, Dec. 20-21, 2010 38
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Comparison of Options o
KEKB  KEKB Achieved -V PerKEKB superkEKD
Design Tl @el: High-Current Nano-Beam
] Option Option
B, (mm)(LER/HER) = 10/10 (g'ggg) 3/6 0.21/0.37
g, (nm) 18/18 18/24 24/18 2.8/1.6
G, (um) 1.9 1.1(0.84) 0.85/0.73 0.070/0.052
E, 0.052 (g'igﬁjg‘ggg) 0.3/0.51 0.07/0.07
G, (mm) 4 ~7 5(LER)/3(HER) 6
1.8/1.45
lyear (A) 2.6/1.1 (1.60/1.13] 9.4/4.1 3.70/2.13
Npnches 5000 1387 (1585) 5000 2778
Luminosity 1 1.76 (2.11) 53 80

(103% cm2 s1)

High Current Option includes crab crossing and travelling focus. ENEY TN o =r11:

Nano-Beam Option does not include crab waist yet
C. Kiesling, Project Review 2010, MPI, Dec. 20-21, 2010
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Injection Scheme of SuperKEKB B

Belle I

— 2 bunches, 50 Hz mask noisy bunches:
100 turns PXD deadtime = 20%

\ _
Injected N =1 ms
bunches H I—l
100 ns ‘i >
apart
revolution time 4 ms
=10 s
,NOISy"
5 (I v bunches¢
2
Problem for DEPFET: [t
noisy bunches cannot be
gated away

20 uys —™ time

C. Kiesling, Project Review 2010, MPI, Dec. 20-21, 2010 40



The GP Observables: What do we measure? Lo

B-Mesons: ‘BO> — ‘5d>

some state f(f ) or
CP eigenstate, e.qg.

) I S
CP =—1 channel

LER (e*)

ete” — Y(49) — B'BY

Y(4S)

HER (e)

~——"1 flavor eigenstate
B mesons are B (BO) '
produced in a
guantum-entangled

state Az — ﬁ”yCAt ,,B-Factory“

Xy, D*X flavor tagging®

Asymmetric beam energies: translate decay time to decay length

C. Kiesling, Project Review 2010, MPI, Dec. 20-21, 2010 41
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An Event in the Silicon Tracking System (Belle)

(4Sy= B°B — DD K"

_________

na
-

,slow pion®, important.
r flavor tagging "

Si'systems essential .
-~ to measure-the ’ :
decay vertices

C. Kiesling, Project Review 2010, MPI, Dec. 20-21, 2010 ' 42
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Work Package Distribution ==
Nr.  |WorkPackage _____|Lead Institution |Collaborators

E DEPFET Modules
E I parameter Definitions MPI PRA

_ Sensor Development MPI

_ ASIC Development
m Switcher HEI
m Current Digitizer (DCD)

EEEI Data Handling Processor (DHP) BON MPI, UBA
E- Interconnection technology BON HEI, USC, URL

_ Module Design

I sensor Ladder MPI BON, CNM, HEI, IFV.

L IFB
m Gbit-Link, Kapton Flex, Patch

Panel BON LMU. URL
[E_ Data Handling Hybrid (DHH) TUM BON, GOE, URL
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D

Work Package Distribution (cont.) S
N |WorkPackage __|Lead Institution |Collaborators

P Mechanical Design MPI IFV, KAR, KEK, VIE

IFB, IFV, KRA, MPI, VIE

_I
=
)
-5
3
QO
7
@
c
D
7
A

System

BON, GOE, KEK, KRA,
L Data Acqusition GIE MPI, TUM, URL

(+pre-event builder)

-— -—
~N N

1.7.2 Power supplies with slow control LMU KEK, KRA, USC
Cooling plant KEK IFV, KAR
_ (refigerator, heat exchanger)
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Work Package Distribution (cont.) S
N |WorkPackage ____|Lead Institution |Collaborators |

m Test Facilities

m Test beam setup IFV ﬁ:%NKiI;MU gEI VI::EB

l Test beam analysis PRA BON, GOE, IFV, MPI,
USC

Lab test procedures MPI (all)

E Setups for thermal tests KAR IFC, IFV, MPI, VIE

E Mechanical mockup KAR IFV, MPI

E Irradiation Tests MPI BON, KAR

P Full System Test MPI all
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Work Packages Mostly Uncovered 5L

Belle I

_ Work Package Lead Institution |Collaborators
Integration and running-in

Installation in Tsukuba Hall
‘ Slow controls, calibration
3.4 |

L 1

Radiation monitor MPI
(also during machine
commissioning and run-in )

Roll into beamline
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Example: Mixing-Induced CP Violation

0 0
wCP | B wCP | B : CP eigenstate

—22gb1
’ '
)\%b:

g A
0 i Af_T(BY _ pA
Aoyl ) = DB = 050 T — 80
['(B” — ¢;At)+1T(B” — ¥;At)
2
1— (A 2Im(\
— 4 5 COS AmAt + ( ¢2) sin AmAt
L+ A, 1+‘)\¢‘
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CKM Fitter Group, Beauty 2009 Conference, Heidelberg
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The Unitarity Triangle in the year 2020 <
[ £dt =50 ab
|= 0.6 l= 0.6
[ - v
0.5F 0.5F o
0.4:—> BR(B-) 0.4:
o.zf— o.zf
0.1-— 0.15
of 05
:/ /} UTy¢ C
.0.1L: \||||| -
b1 o0 01 02 03 04 05 06 047 .
P . p
SM correct present tensions stay ...
a nightmare ... ... the dream !
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New Physics at the Loop Level .... $

mpengums Rare Decays of B mesons:
S
X O(10™
# / B — s,dfy

< —5 5 ) B—>Xdyﬁ O 10_6}

SM NP B — l-l-l— O 10—9\

NP in CPV asymmetries: SM pred.
leptons:

B — JWK, <+ B — ¢K,

T — WY A NP could
Principle: make these
T B decays
Deviation of observable from T — Un possible

/

the SM prediction signals NP

virtual particles in the loop —» A need precision (statistics) to
reveal their existence challenge the SM
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Energy reach of the SuperKEKB Factory o=

Belle I

No flavor structure for NP: A, > 100 —1000 TeV NP flavor problem*

Look for FCNC processes (highly suppressed in SM):

Assumption on NP flavor sector _%]
Minimal Flavor Violation (MFV) 107

L=8x10"cm s
Orel
A(TeV)
Measure, e.g., the decay rates: 1 2 3 4 5 6

B->XI'T

B’ — X"l (inclusive)
0.1

B’ — KOt~  (exclusive) fﬁdt — 50 ab™’

vV

0.01 i
B->KI[1T||K=mVvV
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. D
Belle-ll Collaboration <2

2004.06: Lol for SuperKEKB
2008.01: KEK Roadmap — identified as high priority project at KEK
2008.12: New collaboration (Belle-I1) officially formed

¢ 13 countries/region, 43 institutes, ~300 members

Organization:

Executive Board (Chair: H. Aihara)
|
Spokesperson: P. Krizan

Project manager: M. Yamauchi

—1 Physics coordinator: B. Golob

Technical coordinator: Y. Ushiroda

Software /computing coordinators:
Institutional Board (Chair: L. Piilonen) T. Hara / T. Kuhr

2009.11: 4t Open Collaboration Meeting
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Belle I

@ 40 half l[adders:

half ladder (readout channel) 10 Million pixels (px)

1000 Nr. of pixels per ladder:
® 1-2% occupancy (?)

250 x 1000 x 2
@ 200 kpx on at any time

DAQ System— 2 x 10° px in each event

Power Supplies / DAQ

ontg. B ® 4 byteS per px (pOS + ADC)

B DataHandling Hybrid |l paseut |
Power Interface
Power Supplies

@ 800 kB/event

Total rate:
‘ Total evt size: ~ 1 MByte ‘ 200 Gb / sec
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Data Acquisition =
Optical
Kaptonflex Link \ Giessen
DEPFET Mod DHHE=——W\ ¢/
Data handling SyStem F
on detector hybrid .- '
dea: [ ’
reconstruct
tracks. § Belle Il
remove the SVD =
random hits L Evt-
iely Builder
background CDC/Copper Farm
F: reduced PXD data stream (HT with SVD data)

R: 3D reconstructed tracks from farm

C. Kiesling, Project Review 2010, MPI, Dec. 20-21, 2010
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Claudio Heller (MPI)

« 2D pattern recognition in z-r-plane using
SVD data: Hough-transform with fast peak
finding algorithm

*SVD hits are divided into 3 x 40 overlapping

sectors in r-phi rotated with A®=9"

» different shaped sectors for low momentum
particles and nearly straight tracks in r-phi-

plane

Online PXD Data Reduction

Belle IT
/
. y f/
\ //7'
W // SVD
Y 4
™ 7= vl
\ \“\ I.‘:“-“ /
\\ [ / £/
"7/ Hough
transform
I“‘\'-; ’J“I‘IJ“‘I // 4 Wa Ty
'w.“‘\\' / J,“;/
inf&q ction -
LA CAIUTVT -
. Z-axis

factor 10 seems possible

Py 07'7///\$\\ ) //_\__ \\
@) [
\\\;‘;;///// | \\\\Q‘/{///

—

\ opening angles:

line parametrization /
middle section: 14 degree

sine parametrization / outer

95



Track Efficiencies s
Full reconstruction, Belle Hough with SVD, Belle-ll
SVvD + CDC 1.1
1.0 ‘/’\o 2
) 0.9 |
So b . &> 0.7
S0 b -
£ ; F % RS same scales on
s J Y= 0.5 both eff. plots
of oy ®© 0.4
w0l ¢ 03
E
20 F h? 0.2
I
10 ‘Hﬁ' 0.1
5 ():HII | .0?1. - Io?zl - Io_lgl - |0.|4| — 0.0

0.0 0.1 0.2 0.3 0.4 0.5
P (GeV)
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