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production

(b and ¢ quarks)
b- and c- hadrons

spectroscopy weak decays

extraction of the
CKM elements V;;

-test of the CKM picture
-search for new physics




CKM matrix: b and ¢ quarks

Vud V S Vub

u

Vcd V S Vcb

C

th VtS th



CKM matrix: b and ¢ quarks

Tree level: first order weak interactions

Vud Vus Vub W;
W+ Vcd Vcs Vcb b——u

A b——=c
c—~—d Va Vi Vi

C——S



CKM matrix: b and ¢ quarks

Tree level: first order weak interactions
Loop level: second order weak interactions

R/u d Vu S Vub W;
W+ Vcd Vcs Vcb E —u
A —> C
¢——d Via Vs Vi
C——S
W W
b—->t—->d




Where could be new physics?

Loop diagrams New Particles
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For the D system? .
New Particles
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Decay of B and D hadrons are both useful for
improving non-perturbative QCD

lattice, facotization, p-QCD, heavy quark expansion,
etc.

lifetimes

branching fractions

sub-system invariant mass distribution
sub-systm strong phase shifts
sub-system poliarisation

etc.



Recent experiments

charm: FOCUS, E791 (completed)  fix target

CDF (and DO)

pp collider

LEP experiments (completed) e*e™ at Z°

CLEOc } ete” close to

BES cc-threshold

CLEO (completed)

BABAR } ete” at Y(4S5)
BELLE

beauty: CDF (and DO)

pp collider

LEP experiments (completed) e*e™ at Z°
CLEO (completed)

BABAR
BELLE

ete” at Y(4S5)

For b and ¢ production: H1, ZEUS, H

HRA-B as well




Remark on fix target experiments

Important breakthrough in the middle of 80’s:
large number of fully reconstructed D mesons
from the hadronic decays

- Si micro-strip vertex detector and open trigger -

O
O

€ ~103

inelastic




Events/ 5 MeV/c?

The la(te)st generation of the fix target charm experiments
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b production
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rather good agreement between the data and theory
further progress is expected...



DO

Lifetime Measurements

> Inclusive B —> J/P+ X lifetime
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Robert Kehoe (Michigan State U.): New DO Physics Results
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B lifetimes

Summary of B,/B% ratio of lifetimes

Summary of B lifetime

_ average=1.078+0.015 _l_ - averoge=1.535+0.012ps -L
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BABAR and BELLE
dominate the scene




Bd Lifetime
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candidates per 10 MeV/c ?
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lifetime ratio | HQE expectations | experimental results
(using averages)
%f—) 1.06 + 0.02 1.077 4 0.012
~(Ba)
il 1.00 = 0.01 0.926 + 0.033
T\Dd
T 0.90 & 0.05 0.776 + 0.040

Further improvement from

BABAR/BELLE and CDF/D0 < B, and A,




charm lifetimes

lifetime ratio

HQE expectations

experimental result
(using averages)

P

no

[N—

\]

~ 1+ () ~ 2.4 2.52 + 0.02
1.0 — 1.07 without WA
0.9 — 1.3 with WA 1.21 +0.01
%L) ~ 0.5 0.485 + 0.007
J(%id) ~1.3—17 2.2 4 0.1
J(—;;cl)) ~1.6—2.2 1.80 & 0.18
ié%)l ~ 2.8 4.040.4
i(gig)) ~ 4 5.39 & 1.05
&) ~ 1.4 1.5 + 0.32

BABAR/BELLE will improve the results




CKM physics now

Tree level measurements

VLIV LIV VLIV LIV,
+ loop level measurements

V.4, limit on |V

CP violation measurments:
e(K), sin2f3(b—ccs)

are compatible with the CKM picture
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Also some other measurements are compatible...
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B, oscillations
CDF+DO0 1 fb~! total by the end of 2004?

Bopon' X
9481+253 D —¢ n*
3365+239 D= nt

DO 3000 |
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9.5K candidates B,—uvD (¢r) 250 pd-!
with 500 pd-! up to Am_=15 ps-!



large sample but limited ¢ resolution due to
missing particle
large background D,—Dgt decays

CDF Run Il Preliminary, L = 119 pb ™

%jzg  CDE
T
. O:... — +1 ﬂ &4%* 41

5.0
D .n* Mass [GeV/c 1

final reach Am_ =20 ps~!



C

mt - CP violation in the decay

Are there any problems? Yes there are...
B—n*tn~ decays

BABAR and BELLE
are not completely
1} compatible.
|
! :
| - BABAR BELLE result. 1S not.
227 PRELIMINARY really ComI.)at.lble with
ol —= CKM prediction
$122M
2003 .
More data needed!
83M
Belle 2002
1 K152M (04) NB: theoretical
—_—_— uncertainty 1s not

small.



CP asymmetry (J/ Kg) o« arg(B-B) + arg(2V, V..")
CP asymmetry (¢p K) « arg(B-B) + arg(2V, .V, ")

In the SM, arg(B-B) = 2p

W- W= N
b $Ihp _btse
B c BY s

d dKg d d Kg

CP asymmetry (JAp K¢) = CP asymmetry (¢ Ky)




BELLE (somewhat confusing)
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sin 23 measured from
b—cCs (charmonimum)
b — sss (s penguin)

Charmonium Average
0.726+0.037
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Charmonium : 3
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We need sign of new physics?

more data—BABAR and BELLE
study with the B, system
CP asymmetry in JAp ¢ and ¢¢—LHCDb and BTeV



B.—¢¢ has been seen by CDF

CDF Runll Preliminary L=179+10 pb”
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SM = 10-10~10-°

LHC experiments
and BTeV will reach
this sensitivity



PEP-II projection
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B factory statistics

* Now (ICHEPO4):
— BABAR+ Belle have analyzed 227 M + 274 M ~ 500 M BB pairs
e BABAR plans:

— take data until end of 2008, with increasing luminosity, then 2-year shutdown

— peak luminosity (cm=2s-1): Loca= 0.9x103* (now) — 2-3 x1034 (2007)
— current goal is 500 fb-! at the end of 2006 (BAD #828, Aug 2004)

— assume ~ 1000 fb-! by the end of 2008
e Belle plans:
— two more years at L~1.5x103* (with crab-crossing tests early 2006)
— followed by two years at L~2x1034, before 1-year shutdown (summer 2008 ?)

— safely expect ~ 1000 fb-! (optimistically 1500 fb -1) by the end of 2008
* Expected total statistics at end of B-factory era (i.e. before
super-B):
— 2000-2500 fb~! <> 2200-2700 M inclusive BB pairs
— effective tagging efficiency: eD? = 30%

~1.5K perfectly tagged B—m*m- b’ + P
LHCb 4K perfectly tagged B—m*n~ in one year




Special to LHCb (and BTeV)
- large sample of B, and B, allow to measure y with

theoretically clean decay modes.
- v can be measured from different decay modes which

would be affected differently be the new physics.

B, —= I ¢,J/on

D K
K'K

K* tt
Gy

G uru”
K™y
K*O M+M_
¢ ¢

¢ Ky

¢ K™

wHu

b—u + b—c trees phase

b—u tree + b—s penguin phase
b—u tree + b—d penguin phase
b—s penguin (electromagnetic)
b—s penguin+box (electroweak)
b—d penguin (electromagnetic)

b—d penguin
b—d penguin
box

And equivalent B, decays



W- . W- N N
BoY L Spgo  gob o MrSpo
s<—t b S nte b
CP(J/p9) — 2y + Pyp
CP(DK) = 2% + v + Dyp
b—~t——=s 0 b——n——s
BO > B O >
Bs S S _ S
s s ¢ S S

CP(¢9) = 2 + Ppp+ Dppdec®



Similar to J/APKg, J/Ap¢ needs angular analysys
CDF shows that this 1s possible!

Imaginary Axis

CDF Run |l Preliminary
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1
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parpendicular
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3 - B, —» Jlyd
g}
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B,—DXK and B,—=J/} ¢

After one year, if Am =20 ps1,
AT /T =0.1, 55 <y <105 deqg,
-20 < A¢y10 <20 deg:

o(y) = 14-15 deg

B,—K*K~, Bj—=n*n~
B—JAp ks and B,—JAp ¢
If Am_ =20 ps—i, AT /T =0.1,
d =0.3, 9= 160 deg,

55 <y <105 deg:

o(y) = 4-6 deg

- No theoretical uncertainty
- No effect from new physics
- IA(b—u),.../A(b—cC),..| fitted

from the asymmetry
(advantage over B'—D*m)

- U-spin symmetry assumed
- New physics in b—s and b—s
penguins affect the measurement

BY—DK™, B—=D'K™, B*—=D,K™ + c.c.

o(y) = 7-8 deg

55 <y <105 deg
-20< A< 20deg

- No theoretical uncertainty
- New physics in the D-D box
diagrams affects the measurement




D-D mixing

q0.2

AL72T

0.1 -
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World

A A A A

fe— 95% CLy

D° — K*r~ (Belle)

DY — Kz~ (CLEO ILV)
D" = K't (FOCUS)

SM O(1073)

x = AM/T

G. Burdman and I. Shipsey

D Ann. Rev. Nucl. Part. Sci. 53 431 (2003)

arX1vhep-ph/0310076 (updated August 20 2004).



Big potential for CDF (and LHCD)

CDF Runll Preliminary L=123+7pb’
F DD SK T FWHM: 20MelV/c?

[ ¢
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CP violation in D decay amplitudes
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Rare D decay

Beyond the Standard Model, New Physics may enhance these, eg.,

e R-parity violating SUSY could increase these:
- B(D® — ete ) upto 10710
-B(D° — ptp )upto 107C.
- B(D° = e* ™) upto 1078,

[Burdman et al, Phys. Rev. D66, 014009] A A A A A A
) ® °
. e 3% = L *
®
- o
107° | >
e LHCDb could .
. . . -8
improve limitsby a " | x = 5 A2 B 2 =
factor of >100 ! T L L2l Le g
' e e rtealalals
L v & B AL H'L "L K"C h'C
|
Ett I ty ® Experimental 90 Percent CL Upper Limit
-12 5 o ‘:‘_L:{:J LT A Previous Limit
10 7 W& ‘& +1§ ~_ t® @ | A Previous Limit (CDF)
18 18 18 14 10 10 R-Parity MSSM-1 (hep-ph/0112235)
oL o o X o Q2 9 ;' R-Parity MSSM-2 (hep-ph/0012118)
-1 0= 0= 0= 0= 0= 0= | = SM-1(hep-ph/0112235)
101 SM-2 (hep-ph/0106333)
" X SM-3 (hep—ph/D104236)

L L
zero 1p72°



Conclusions

QCD description of production and decay are well advancing.
Will be continued by (~2006)
H1 and ZEUS (HERA)
CDF and DO (TeVatron)
BABAR and BELLE (B factories)
CLEOc and BES




Precise extraction of the CKM matrix elements
from the decay
BABAR and BELLE (B factories)
CLEOc and BES
oscillations
CDF and DO
BARBAR and BELLE
from CP violation
CDF and DO
BARBAR and BELLE



Search for new physics through rare phenomena
103-10° B’s
D-D oscillations
CDF/DO, BABAR/BELLE
CP violation
BABAR/BELLE, CDF/DO
Very rare decays, forbidden decays
CDF/D0O, BABAR/BELLE
(leptonic decays)
followed by LHCb (>2007) and later BTeV (>2009)
10°-1019 B’s
CP violation 1n the B, system
D-D oscillations
Very rare decays, forbidden decays

and Super B factories? (>2010)



-My very personal view-

It there will be fix target heavy flavour experiments in
future...

they will not be competitive for new physics search.
there 1s always to thing to do for QCD.



