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Classification of CP-violating effects
CPV in decay: F(P‘ IS )_ F(P* N f*) ) Zf__ /Af+ 2 »

— A - L
|A_f'/Af‘¢1 S I(P - f I P > f) Ef_/Af+2+1

CPVin mixing: A (f)= dF/dt(}_’p(j,yS — Z+X)_ dIﬂ/dz‘(P}?hyS — Z_X)

dr/dt(PS,, — "X )+ dU/dt(PS,, -1 X)

q/p|#1 e
_1-la/p
1+]g/p|
CPV in the interference decay-mixing:
Sm( 1f_)¢ 0 For example: decays to CP eigenstates £,
A= ii A, ()= dl’/dt (Ij.,??y_q —> fm,)— dr/dt (Ppohys —> f(_,P)
p 4, T 7 drdt(P, — fop )+ dU/dt(PS,, - f.,)



Observables: “direct” CP asymmetry - 1

A=A A=A
. /\ T /\ —
! B, RN f CP : i O f
A, = |A,| e® et A, =|A,| e ei0

0 —>d (CP-conserving)
¢ —>—¢ (CP-violating)

Time-integrated “direct” CP asymmetry requires two amplitudes and 6+0:

5+ ¢ 5

A=A+A,#A




Observables: “direct” CP asymmetry - 2

Time-integrated “direct” CP asymmetry (“CP violation in decay”):

F(i—)f)—F(z —>f): 2|AIHA2‘Sin5sin¢
D> )+ TG > ) |4 +]4f +24]4,]cos S cosg

ACP

- the only possibile CPV effect for charged mesons decays !
- requires at least two amplitudes and 6+0



Time evolution of neutral B mesons - 3

(assuming CPT as a good symmetry, for simplicity)...
Time-dependent decay rate for thys —> [

dr(BS,.(1)— 1)

(1+cos(Am t))(Af‘z +

+(1—-cos(Am t))‘% 7

o~ q * g :
—23m| — A4, A4, |sinlAmt
[p f "] (am)

.f" o

|

dt 'f |H‘ Py
| L

“decay”

“oscillation, then decay”

[(1+ cos(Am 1))+
‘},.‘2 +(1-cos(Am ¢t )(/1 ’2 —~
= 2Jm( )sm(Am t)

“interference”




Time-dependent CP asymmetry - 1

A A
-
B"‘ B fer
' /
q/p p/q - B Af

Interference between mixing and decay to a CP eigenstate f.»

— F(thys( )_>fcp)¢ F(B}?hys( )_>fcp)

Flavor-tagged time-dependent decay rates are different!
they are governed by the “CP parameter”:

_ Jer
ﬂfc;’ o nfm A
/ p fcp\
!
CP ~ e 28 Amplitude
eigenvalue | ¢ mixing ratio



Time-dependent CP asymmetry - 2

Decay distributions 7.(f) when tag = BO(EO), pair-produced at Y(4S)

o (Af) = Ee'““ﬁ +S, SiNAMAtTC, cosAm,Af]

fep cP
Asymmetry
Afcp (At) = CfCP cos(Am At)— SfCP sin(Am_At)
For single
CP parameter arggﬁf:}éi .
q CP
A =N
CP CcP p Afcp _ —Im/lf




CPV in the B sector: CKM angles

Via = Viale™" (BB mixing) ¥, =|V,,,|e™”

e Mixing-assisted CPV
- Observation in B” — J/wK" BaBar & Belle (2001)
e CPV in B'-B" mixing itself

- Not seen yet

Vi = |Vuw|e™™* ( b — u decays) = g

Vub

® Direct CPV (Interference with other diagrams)

- Evidencein B = tta~ Belle (2003), not seen by BaBar
- Evidence in B - K*t7~ BaBar & Belle (2004)

Both V,,; and V,,;, are involved

e Mixing-assisted CPV for final states containing V,,;,

- Evidencein B” = 7tx~ Belle (2003), not seen by BaBar

_ B%mixing _
b—y—i—d
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BO decay: tr_ee
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Experimental facilities

Past: DORIS, CESR, LEP
Present: Tevatron, KEK-B, PEP-II

Future: LHC, Super B-Factory




Time-Dependent Mixing Measurement

Exclusive
B Meson
Reconstruction
Self-tagging
X (:l-S) Flavor state
e e’

Y(4S) produces
coherent B pair:
t—> Af

P

At ~ Az / <By>¢c

B-flavor tagging

B-flavor tagging efficiency and At resolution function are obtained from data
(measurement of mixing, with exclusively reconstructed self-tagging flavor states)



Time-Dependent CP Asymmetry Measurement

Exclusive
B Meson
Reconstruction
Y(4 5) CP eigenstate
-
e e’

Y(4S) produces
coherent B pair:
o> At

|Az-~260,um| \ K~

= |
I "

At ~ Az / <PBy>c

B-flavor tagging

B-flavor tagging efficiency and At resolution function are obtained from data
(measurement of mixing, with exclusively reconstructed self-tagging flavor states)



KEKB asymmetric e*e” collider

>3
ITSL rea (Belle)

/
' HER LER
Interaction Region

g
%
®
@ 1K ~ @ L
[T} @ L_IIJ @
alll[f NIKKO Area 3
OlIN o N
X = o
=
L[ L
A (TRISTAN Accumulation Ring) - -

» Two separate rings
e* (LER) : 3.5 GeV
e~ (HER) : 8.0 GeV
By = 0.425
¥ Ecpy : 10.58 GeV at Y(4S)

¢ Design:
Luminosity:1034 cm-2s-1

Current: 2.6/1.1A
(LER HER)

¢ Beam size: o, ~3 um

c, ~ 100 pm
¢ 11 mrad crossing angle




KEKB asymmetrlc e*e” collider

102 — il data, OR reSGRENCE, —  affresonance, ERErgY SCan
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Belle log total : 709833 pb Date

* Peak luminosity
Loea = 1.71 X 10°* cm?/s

World record

Result§ based on
535M BB pairs




e Belle Detector

<O

OELLE

Aerogel Cherenkov cnt.

SC solenoid n=1.015~1.030

TaT s

CsI(Tl) 16X,

n/ K, detection

3 lyr. DSSD 14/15 lyr. RPC+Fe



PID System at Belle
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Cherenkov
light
thresholds

Aerogel Cherenkov Counters

Momentum {GeV/c)

Hydrophobic silica-aerogels
n = 1.01~1.028 (barrel), 1.03 (endcap)
960 modules (barrel) ->1560 PMT's
228 modules (endcap) -> 228 PMT's

45 ‘ e
R T

3,44 Gevjo

|

I
Refractive index

Finemesh PMT

120 mm

& Fractal
structure

\ 8 3 /el wE=602
I [: 4 \‘.-"'.

Lt

Aluminum centainer
(. 2mm thick)

Aerogel

3 ___,.,x-”' / Goretex
: {x.__v.}f/lrirmmesh PMT




Electromagnetic Calorimeter at Belle

» 8736 CsI(T]) crystals with
photodiode readout

> About 16.2 X0, inside solenoid
||» Coverage from 12 to 155

0 - &
T —YY in hadronic events

44

ME ~1o

124Kk

(RS

e SRR,
gyt AR 1~

o, = 4.75 + 0.08 {MeV/c?)
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CsI(TI) crystals for Belle

2 PIN diodes S2744-08

Teflon+Al Alh Light output — 5000 ph.el./MeV
ox Electronics noise 6~200 KeV

\Preamp




BaBar Detector

| EMC
_6580 CsI(TT) crystals

e*(3.1Ge

-

DIRC (PID)
144 quartz bars
11000 PMs <

e (9GeV) =
/ ;

Drift Chamber
24 stereo layers
16 axial layers

Silicon Vertex Tracker

knstrumentisd. FluxRaturm; a= 5 layers, double sided strips

ron / RPCs (muon / neutral hadrons

SVT: vertexing and tracking: crucial for At and low p; tracks

DCH: main tracking device, also dE/dx for particle ID

DIRC: K-rn separation > 3.4c for P <3.5GeV/c

EMC: very good energy resolution; electron ID, n° and y reco.
- IFR:  Muon and neutral hadrons (K° ) ID



BaBar: the Silicon Vertex Tracker

double-sided Si microstrip
detectors

5 layers: 340 wafers, 150000
readout channels

20°< 6 <150°
O point ® 10-15 um for the inner

layers
Kevlar/carbon-fiber support rib Si detectors A
Carbon-fiber endpiece z=0
L il Ty 1| Py T
20 cm
~Gooling ring

Carbon-fiber — Upilex fanouts
support cone i — _ Hybrid/readout ICs

Beam pipe - 30° “:‘\!fﬁ -~ 350 mr ¢

8, o . = » i e - —

4— 30 cm -4 40 cm F



At from (Az), a5

CP—side ® AZ=Zcp— Zuag

At = Az/(1Bc)

_—
< e Interaction Point 23> Ag
; e’ B flight-length in x-y: only ~ 30u
.‘—

e C conservation in '(4S) —+ BB

e+
Az

_ 10

— <: —=z2]

e w) = 1B > B> —|B) > B >
tag—side (one is BY and other is B” at any time)

The cther B provides time reference and flavor tagging at Ar =0

Parameters BaBar | Belle
e e energy 3.1 x9GeV | 3.5 % 8.5GeV
v 0.56 0.425
Interaction point (i x vx I) | 120tm x Sum x 8.5mm |[80um x 2um x 3.4mm
Typical Az 260um | 2001 m
O (CP-side) 50 um 75um
o- (tag-side) 100 ~ 150 um 140 1tm




Particle identification: the DIRC

DIRC MECHANICAL COMPONENTS

* Detector of Internally
Reflected Cherenkov
light

144 quartz bars (1.5 cm thick)

11000 PMTs, 25-50
p.e./particle,

9mrad single photon resolution

Detector  monrancey
Surace ONG SUPPORT TUBE (S3T)
[IRON]

ASSEMBLY FLANGE [S5]




K identification performance

Charged K identified by
DIRC: Cerenkov angle
DCH: dE/dx (p <0.7 GeV/c)

Efficiency and purity measured on
control samples (soft pion tag)

D** —» D%*, DO— K—n*

> 3.40 n/K separation up to ~
3.5 GeV/c

Kaon Efficiency
o O o o

T Mis-ID as K
s o
—_ &}

=

- BABAR -

o N o o —

Momentum (GeV/e)



CP Analysis: Time Distribution

M perfect realistic
: flavor tagging & : mistag probability &

: —]30 tag time resolution : _BO tag finite time resolution

B tag »

NN L N T B IR .
Decay Time Difference (reco-tag) (ps) Decay Time Difference (reco-tag) (ps)

—/.ﬂf’//rg

foullt) 7,
B

(150 (1-2w)sin2psindm,4 7‘)} Q@ R(At)

i i 0 0
é‘P+ = Bfag B
n' it & 80 B_ 0

fag

same mlsTag probability @
and time-resolution function R(Af)




D

'&»)] Flavor tagging — dilution factor

BELLE

Classify the events into six classes and measure
D = (1-2w) for each. (w : wrong tag prob.)

BOBY - D*|lv : reconstruction

b tag
1 -
0.8 | i
—0.6
= - ——
T 04
00 =702 04 06 08
<r>
Efficiency > 99.5%

€. =28.8+0.5%




16000 T T T T T T

Golden mode s s J/\|1p+u— ]

“Mgan: 3096.1+ 0.1 MeV/c?
Widti*=9,6 + 0.1 MeV/c?

272 Farm E 10889 8000

Exp 5 Ru C 5 ent
Eher 8.00 Eler 3.50 Tue Nov 16 23z12z08 1999

B E I I E lr'g D 0 DetVer 0 un_‘u\ 0 BEeld 150 |\r\lr_\'.n’|1;5 a4
Ptot(s 10.1 Etot(gm) 0.2 SVvD-M 0 CDC- 0 KLM

'5~10 MeV/c?

|:l||

Events/(5 MeV/c?
o

7 1

| Dielectrons A T

| Yield: 24000. + 287. J / \I[—)e e |
Mean: 3094.1+ 0.1 MeV/c?

| Width: 10.8+ 0.2 MeV/c? |

c~11 MeV/c?

4000

12000

0 ||||||l|||l| | 1 T

2.60 2.80 3.00 3.20 3.40
Dilepton mass (GeV/cz)

10000

8000

6000

4000

2000

N A I B SR B
0.470 0.480 0.490 0.500 0.510
Dipion mass (GeV/c?)




Reconstruction of B mesons

2120 | ] Initial state
S0 My I kinematic
- ) constraint
80 1 energy substituted
60 1 mass
w b J/y K :
? _ e'e” > Y(4S) > BB
s i Slgnal . i ] :\/ 2 _ 02
“ :; _fveg/'o” \\. _] AE — rrlDC Ebeam pB
22 : ] % ; ; AE = EB - Ebeam
-50 — ....-'_'._ _ £ ‘
75 - . sidebands: . —_? energy difference
-100 | - ' ) = ]
£ o - - .:Eﬂ e ]

I N I T B T T T N ST R S O vl b b b b bvans bivaa by T
5.2 522 524 526 328 0 102030405060 70 8090



B° = J/y KO : combined result

400F po 0
F B” — JiyK é, BO tag

BO tag

Entries /0.5 ps
M
o
o

» background
subtracted
» good tags

Asymmetry

previous measurement
. Sin2¢=0.652 £0.044
(386 M BB pairs)

535 M BB pairs

sin2¢,= 0.642 +0.031 (stat) £0.017 (syst)
A= 0.018 £0.021 (stat) £0.014 (syst)



2006: BaBar + Belle

sin(2B) = sm(Zq)l) REAS

0.5

F’FlELII"u"III*~L|'!';F§‘fr
BaBar 0,710+ 0.034 +0.019
H * H
hep-ex/0607107
Belle 0.642 +0.031 +0.017
H
hep-ex/0608039
Average * 0.674 + 0.026
HFAG ?
0.6 0.7 0.8




sin2¢, history (1998-2005)

T I T I T I T
E + 1.5
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Summary

Unitary triangle from CPV angles
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Summary

Large CP violations seen in B decays
Excellent agreement with KM ansatz

- sin2¢, = a new "gold standard” for New Physics searches

Room for New Physics is pretty small

- either the NP mass scale is very high
- or NP is somehow hidden from the flavor sector

But the strength of CP violation in SM is
not sufficient to explain Baryon Asymmetry
in the Universe

NP searches with B's have another order-

of -magnitude of reach (at least).

- A phased approach to Super-KEKB/Belle seems likely
- An announcement from the KEK DG Suzuki soon?!



What’s next?



Tevatron Performance
Many |mprovements over Iast year

\ ‘ Q=JJG ' (A "

Integrated Lumlmzcsuwr (1fph)

11500 pbt Design

-U 25 50 FiE] 100 125 150 175 200 225 250 275 300
Days since october 1 Fiscal Years




Tevatron Detectors

Muen Salntlllators
e e e et

|£n0hamners
H inner tracking

e /«ﬁ? ---------- — Preshower

extended y coverage
and shielding
Trigger, DAQ

: DZero Run Il upgrades
2T solenoid

CDF Run Il upgrades
Inner tracking
Forward calorimeter
extended u coverage
Trigger, DAQ

recorded 3 b’
data taking efficiency ~ 85%




Tevatron Run Il Preliminary (July 2006)

—_—

All-Jets: CDF
(1020 pb”) 1740+5.2
, —
Dilepton: CDF
(1030 pt) 164.5+ 5.6
i @
Dilepton: DO
(57006 178.1+£ 8.3
Lepton+Jets: CDF Lx
Pon ys: COF Ly 18394158
—o—
Lepton+Jets: CDF
{940 b ) 1709+ 2.5
._._.
Lepton+Jets: DO
(37005 ) 170.3+ 4.5
—8—
Tevatron n
(Run I/Run 1) 1 ;flo-i' 5 5%01
| | | NG ]
150 160 170 180 90 200
Top Quark Mass (GeV/c")

95% CL Limit / SM

16450

N
|

Amplitude

| = datat1c A 95% CLlimit 16.7 ps’

O sensitivity

255 ps”

-
CDF
0 10 20 30
Am, [ps’]
8 Tevatron Run Il Preliminary
-1
3 ... D@ Expected f Ldt=0.3-1.0 fb
30/ -8 ------ CDF Expected ’:'
- @B ' Tevatron Expected
25 - I._IlJ = === Tevatron Observed

150

160 170 180 190 200
m,, (GeV/c?)



LLHCDb detector

SPD/PS M2

HCAL
T3 RICH2  ECAL

M1

NY



Flavor Physics at LHCbH

72 At LHCb huge xsection (.5 mb), long decay length
(1 cm)

7 ....but high backgrounds, high performance trigger
fundamental.

7 Systematics will be more important than statistics,
at the startup at least.

7 Rich program possible, even at modest luminosities

A few examples......



ngb Very Rare B Decays: B, > u'u-

- Very rare loop decay,
sensitive to New Physics:
- BR ~3.5x10° in SM,
can be strongly enhanced in SUSY
- Current 90% CL limit from
- CDF+DOwith 1 fb-1is
- ~20 fimes SM

* Main issue is background
rejection
- With limited MC statistics,
indication that main background

is b—>u, b—>u




ngb Very Rare B Decays: B, > u™u

10
10 ¥ 9
A8
h 5
Ll I S S SO NS S X
<N\ o
% Expected flnal CDF+D0 L|m|t o0
- 4

Uncertalnty in

—

0‘ - ‘0.1‘ - ‘0.2‘ - ‘0.‘3‘ - ‘0.4‘ - ‘0.5
Integrated Luminosity (fb-1)

L ,,,,,, LH,C,b,,,,Sen,sl,t,l,v,l,tv ,,,,,,,,,,,, A —

(Slqﬂa|+bkq is observed) ,,,,, ,,,,,,,,,,,,,

0 1 2 3 4 5 6 7 8 9 10

Integrated Luminosity (fb-")

2 fb-' = 3o evidence of SM signal

0.05 fb~1 =competitive with CDF+DO0 ' '
0.5 fb~!= exclude BR values down to SM 10 fb~! = >5c observation of SM signal




e+e- colliders M.Biagini EPS 07

ILC
®
/ - .\
LEP

— PEP-II /
‘v
o 33 pd .
S / DAgNE BEPCII 3
i ORIS? el
@ VEPP2000
o - d =
2 ° LEP
— 31
g 10 BEPC ® ®  PETRA ®
3 EbPIl % veppa  PETRA 5 8
SPEAR?2
ADONE
°
10%° ® i
DCI .
Storage rings
®
' ADONE il
1027 T TR R |
1 10 100 1000

c.m. Energy (GeV)
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Super B factory at KEK

Crab cavities will be

installed and tested with New beam pipe
beam in 2006. & bellows
et 4.1 A

C-band

Crab cavities

SuperKEKB

More RF sources
—_—)

More RF cavities .

SuperBelle
p*y=0z=3 mm

New IR

e-9.4A

Energy exchange

>

The superconducting cavities will be
upgraded to absorb more higher-order
mode power up to 50 kW

NEG Strip
Cocling Channel

NEC Sirip

[Beam Chanuct]  |SR Chanoel]

The beam pipes and all vacuum components will be replaced with
higher-current-proof design.

< Damping fing  The state-of art ARES

¢ copper cavities will be

\ upgraded with higher
L ’ energy storage ratio to
; support higher current.

Positron source
<4
*
fo R
L=22 [142) e S

2er,\  ox NBi/\ R,

will reach 8 x 103°> cm=2s'.
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