Physics of CP Violation
and Rare Decays

Tatsuya Nakada
CERN



| ntroduction

Rare phenomena have been an indirect way to probe the high energy frontier.
Successful examples:
KO-KO oscillations, K, ® mm , CPviolating K, ® p*p- decays €tc.
GIM mechanism, charm quark, third family of quarks etc.
B® ¢ ¢ not seen, DM(B) » 100" DM(K?), etc.

top must exist, m, > 80 GeV/c?, etc.

CPviolation: an interference term
AStandard Modell ANeW Physics
can be isolated: alinear effect = enhanced sensitivities
Forbidden decays:  Processes not allowed by the Standard Mode! .
In principle, one event is adiscovery.
Mm® 3e, m® eg best limit on LFCNC coupling.

CP violation has an important implication to cosmology: baryon genesis
CP violation with the KM mechanism is not sufficient for this...
-call for new physics-



1) Time development of the particle (P) and anti particle(l5)

IP), |P) particle, antiparticle state at rest
-elgenstates of strong and electromagnetic interactions-

(HS + Hem)\ P)=m P\,(HS + Hem)\ P)=mP)
(CPT assumed; they are also flavour eigenstates)

| f) weak interaction decay products

-eigenstates of strong and electromagnetic interactions-

(Hs + Henn) )= Eq )



A generd state
y (1)) =a(t)P)+b(t)P)+ a ce (1) f)

( \a(t)\z: fraction of P ‘b(t)‘z - fraction of P at t)

IS obtained by solving Schrodeinger equation,

2 (0= (Ho+ Hy + Han)y (O)
Due to decays

a(0)* +|b(0)]° =1 a(t)” +|b(t)|° = decreases

C (O)\2 =0 C (t)‘2 = increases

o 2 o
a(t)? +b(t)? +& e (1) =1 unitariy
f



-perturbation, Wigner-Weiskopf, CPT and unitarity assumed-

ﬂ aa(t)o a@(t)o -
8b(t)ﬂ 8b(t)ﬂ 8I\/I12 M B_ 58(312

&M My,0

a(t) and b(t) are decouppled from c(t)
if My,, G,t O P mixing of Pand P

Usualy, particles are produced in flavour eigenstates:
PorPatt=0, then then evolve with timet.

€.
P(t)) = f,.()IP) +zf_ (1) P)
or
P(t)\ — 1 \ P\
PO)=f. 0P+ L)P)

fi(t):}(
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corresponding eigenstates | P, ) = \/1 1‘ ‘2 (‘ P)+7z|
+ 7

- Elements of mass and decay matrices

o EPHy|f ) f[HyP)O
M:”‘o+<P‘HW\P>+aP§}\ Huwi /\E‘ w [+
f My - Eg 7

f’sare all possible P decay states common to; virtual and real

o PHy| Y flHy PO
My = (PlHw|P) +& P ‘ Vx‘b/\éHW‘ '
f - =f %

f’sare all possible decay states common to P and P; virtual and real



G =208 (PiHyf)d(mo - )

fsareal possiblereal decay states
I.e. Gisadecay width.

G = ZP% <P‘Hw‘f><f‘HWF>d(mo - Ef)

f'sareall possiblereal decay states,
common to P and P.



G=G,G=G
Neutral kaon system m,=mg, m =m,

tg= 1 (0.8934 + 0.0008) " 10" s

Gs

t, = Gi = (5.17+0.04)" 10 8s

L
Dm=m, - mg =(0.5301+0.0014) " 10'°ss™?
Ks® 2pandamost noK; ® 2p

7 :(]_+ Ze)e'iargeiz very closetop

A

Mio|Gpo| 2 2Mp[0 . \

| 122H 12| S Cl+ My, 2 sin(argMy, - argGy)
AMy, |~ +|Gyo|” € \Glz‘ﬂ
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1) CP Violation in the neutral kaon system

L et us consider K® 2p decays CP(2p), = +1
att=0 evolution at t instantaneous
with time decays _
f,(t) KO AL AT +ZA T (1)
KO < > [)+[)_
A zZE (1) K ~A. A
P P
v L) <0 AV
KO < > D D
1
2 f_(t) KO A,

Rf(t)+ SA (1)




Initially KO

G(1) =|A_[If. (0 + A [T @O+ A (AL A _zf (0 F (1)
Initially K°

G(t) = |A. 7|, (1) +|A,. \ \f (1) + AgA+ A.. —f (O (t)—

1) CP violation in the decay amplitude:
‘A+ ‘1 ‘R ‘ most visibleatt =0, f,(0)=1,f (0) =0

2) CPviolation in the oscillations:
) develops with timet
z|"* 1



And the third term...

Initially KO©
+A(A+ A Z)A(f (01 (t)) ............. (A+ A z) (f:(t)f_(t))
Initially K° 5 "
+A§A:_Z\+ 1 (f (t)f (t)) ............. 68 A A, E*EA(f:(t)f_ (t))
e Z L O

3) CP violation in the interplay between the decay and oscillation:
YR - develop with timet
AAL.A,.z)1 0 P

(for small CRin the oscillation, z » 1/z" )



[11) Different mechanismsfor CP violation

1) CP violation in the decay amplitude
Decay Amplitudes

Initial state Final state
W eak St r On g ..............

Interactions Interactions / L p
S | %] 1=0
@ (20| rescattering Saat
. P described by the S-matrix

Ao 2t kaon energies
2p(1 =0)® 2p(1 =0)
I.e. diagonal = only the phase shift

for K”: A edo for K Ao* gdo



A \[ Aoe'd“( AE? A \[ Age'd0+( Aze'dZ

%_(14‘29(99'2]0 e¢_\/?23|n(|2_1 O)
j =arg A 5545

= 1/2 rule, from B(p°p°)/Br(p*p-) » 0.46; 0.5 if A,=0-
N 1 .. . .
Aet=— "2 din(j o - | 5)sin(d; - do)
V2| A 2
~42° from pp
scattering data

If] ,1 ] o (weak phases) and d,! d, (strong phases),
p CP violation in the decay amplitudes (e¢ 0).

-interference between | = 0 and | = 2 decay amplitudes-






2) CP violation in the oscillations

note: 12| (t)\2 orobability for the initial K° oscillates to K°

CP

d

2 } -

}‘2‘2 ‘ I (t)‘ probability for the initial K oscillatesto K®|© T

./Mizeio ' %Gizeiplz
My - IEGIZ |
= | ........................... - |likedy,=0t d,=p/2b needsargM,,* argG,,
M, - 5612
................................................................. < Mlzeio ] }G]_Zel /2



7[° =1+ 4Ae

M. 511G .
MolGul (o s
4My,| +|Gyy|

Ae: small

not related to CP violation

ItargMy, * argGpy, 0 —0 A
p CPviolationinthe K - K™ oscillations (Ae?l 0).

-Interference between the dispersive and absorptive terms in the oscillations-



3) CP violation in the interplay between the decay and oscillation

A A,z =|A,[P(1+2eQ(1+ 2¢)¢!(2¥9 0" A9C)

:2(Ae¢+ Ae)+(2arg A, - arg G12)]

Aet= = 25 , - | o)cos(d, - dy)




Ae

] pand] ,-] o arelike weak phases,
f.(t) and f_(t) are like strong interactions with different phases
bifj,t], ] CPviolation




Can

2argAytargG,
be neglected?

P Yes, since 2p(l = 0) dominates the final state!
Gyp =2p & (K |Hw| f)(f|Hw K d(mo - Ex)
f

1 AR + APy + Agy Ag,
» AS'KD
Experimentally, ) » 0.045, Pp » 0.041
Ao Ao

agz=-agG,=2agh



IV) Experimentsto look for a differencein K° _® p*p- and K°._ ® p*p-

-Strangeness conservation in the strong interaction-
A classic experiment; K'n® K%, K'p® K°n  D.Banner et a., PRD 1993
A modern experiment; pp® K°K p*, K°K'p- CPLEAR, PLB 1999

. GS . Gl_ O

- imgt- =3t - imy t- ==t _

\P(t)/‘ﬁ 2 K re T2 K
8 p

B 1+ 2 L img- 2S¢ Simyt- L O
P = B e ™ 2 e ™ 2 K )




[e S+, [ +2h,. e & cogDmt - f )]

[e S+, [fe - 2h,. e @ cog(Dmt- f, )]

If CP s conserved,

» e+ et CP(Kg) =+1, CP(K,) =-1
h, =0

CPLEAR measurement PLB 99  PDG 98
|h, |=(2.264+0.035) 10° WA(+ 0.019)
f, =(43.19+0.73)° WA(z 0.6)



CPLEAR

R, (1)
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R,.(1)
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CPLEAR
CP asymmetry

.8

R.(0) - R..(1)
) =—=
A-0 R, (t) + R,_(t)

Asymmetry A, _

_|:|.5:I|III|III|III|I

I T N N N N I T T N O B
1t 12 14 16 18 20

teutral—koon decay time [T



P(D)

CPviolation |

2
|

\ Ks® p'pr

N(Ks® p*p) » N(K. ® p*p-)
large interference

with the opposite signs between
Ko =oand K5

---------------------

T T T e e e e N

KL® p'p




Structure of h,._

CPviolationin CPviolation in
the oscillations the decays

CP violation due to the interplay between
the oscillations and decays




V) Experimental observation of CP violation in K°- K° oscillations

|dentification of initial state: pp® KK p*, R°K'pr
|dentification of final state: K°® p-n¢*, K°® p*ns

-DQ= DSrule in the weak interactions-
€+

-
W

S .
d » d

CPLEAR
. o
S « u
d d
CPLEAR measurement PLB 98

Ae=(1.65+ 0.40) 10°°
can be compared with
Ah, =(1.550+0.035)" 10°
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V1) Experimental observation of CP violation in K°- K° decay amplitudes

h P Ak ® )" _ngN(ke®pp)
_ ‘A(KS® pJ“p')2 NG N(Ks® p+p')
hool? = ‘A(KL ® p0p0)2 _Ng° N(KL ® IOOIOO) o P00
00 ‘A(KSCR) p0p0)2 N N(KS® popo)
\“00\22 _1. 6A ¢
h,_| c




M easure

p*p- and p°" at the same time:

NP NG NP =N

NA31, NA43

K Isregenerated from Kg:

NP =rN2°, N/ =rNg&

Only the measured decay rates are required.

A= (212447 107
© (error scaled up)

a pretty good evidence for

AS¢>O
e

E731, KTeV

Year EXp. Result [10-4]
1993 E/31 7.4+£5.9
1993 NA3l 23.0£6.5
1999 KTeV 28.0£4.1

(20%)
1999 NAA4S8 18.5+7.3

(preliminary)



VIl) Standard Model for the kaon system
final < initial

d —> - —> —» S
W

U, C, l N I u, c, t

short range T <« W___ d -
. . 0 0
interactions K K

- > U C T > ; >

U, C,t
Q + QCD corrections

long range 2p,3p hadron| c 2p, 3p
nieractions — resonances """" ' —

ol wn

|
A

Large uncertainties in the theoretical calculations of |M,|




CKM matrix and Wolfenstein's parameters

&%d MB Vm?
\kMA:g%d WB Vm%
Wd VE Vﬁﬁ

i)

A~11 ~022,r1 0butht Q07??7?




Short distance part

Vacuum
/1, 01—95 Wequark 0\ j0(—d,!Metons |
—> uar —> —> (77
K= w220y (k9 o507 KO
BK fK 1:K

B parameters have to be obtained from some QCD calculations.

_om S
) 2
QK ® eVt e e - / vacuum

GF
Mo = - 1202 fi B M m\N[V h1S(%e) + Vi oS (%) + VethsS(%e, %)
Gr: Fermi constant h,=138%0.20
m,: Kaon mass h,=0.57+0.01 } QCD corrections
m,,: W mass h;=0.47+0.04



VERVAGVAN » |10 Sy(x) » 2.5 6.6 10 '
VRV VR »12  Sy(x) »0.00024 1.2°10°°

Vo= V.V, V.V, »16 Syx)>»0.0021 2.4 10 '

x=(M/my)2, x=(m/m,)? net contributions
the biggest contribution is from the charm loop

Standard Model G, for the kaon system

2p 3p, 2pg, 2pete, etc.

Theoretical calculation on |G,| very difficult.



However, |M,,|. |G,,| are measured experimentally;
P arg M,, can be determined from the short distance interactions.

theoretical short distance

_ calculation

ad M., = B
T T My s my

experimental value

argGy, =0 inthe CKM phase convention

A e can now be calculated.



The e€in the Standard M odel

u - A
W+ 7< a > f_u Ct f P
d »d d >
_ u,c,t - _ u,c,t
S+ ¢ d 4 ST
W+ 4 ...... / u 1 W+ 4 ......... _—
g U4 ZO ....... <
d > d d >




QCD and non-perturbative effects
very very complicated calculations!!

003" 10° £Az¢

£3°10°°  (Buras99)

T

with stretching
all the parameters

1) The Standard Model predictions are compatible
with the measurement.

2) Hadronic uncertainties in the theoretical predictions are too
large to make a precision test.




VII1) Other interesting kaon decays:

K + ® DT ZO N / n

oA
W 7N\ ) w © mt W
S« < ¢ d S < » < d
u, c, t u, c, t
u » U u » U
thVts*
Vchcs
/ a ......... 3 \ / ) T 5
+ : + -_— oy ry v\ e
\p L K / — \/? \p ) K
u u

ISospin relation

Use K'® po%t*n (data) for the hadronic matrix element.

Extract V., with arelatively small theoretical uncertainties.




Current Standard Model predictions:

5 10" £Br(K*® p'nn)£12” 10
(Isospin breaking taken into account)

)10 Y PRL 97
based on one event

BNL787, 1995 data: (4.2 35

More data are taken

1996-1997 data, no new candidate
1998 data, total sensitivity =8 10"
Ultimate sensitivity = 0.8-1.5 10"

V4| measurement from the kaon decays



K'® ntn

3
[ Mm

200 210 220 23{]'

P (MeV/c)



K ,°® p°nrr  CPviolating, CP(p°nn) = +1 N

0 N / "

+ o4 emt

S « < _: d S < < 2 " d
u, C, u’ C1

d > d d > d

AK’® pnm)=a AK’® ponm) =a

AK, ® poan)|2:-%|(Aa+ iAa) - (1+2¢) (Aa- iAa) [
(in the KM phase convention)

a(s® c® d) IEI
a

a(s® t® d)

» 0.3 P inthe Standard Model >> |g]

Br(K, ® p°nm) 1 (Aa)’

If Aa=0, Br(K,® p°nn) u |ef’|af



Imaginary part can come only from S® t® d.

hadronic part: K°® p°nrr=K*'® p%*n

| ......... +
\p T ‘ K / — \p . ‘ K /
d u
rather reliable calculation
_ t, 3 ° ) x 2
BrKL® DOl Br -+ PO ¢ \Vus\22p 26n* Quy [A(thVts)X(Xt)]
»37 1071

Br(K’® p°nmn) <1.6" 10 ° 90% CL(KTeV, PLB 99) P°® o
5.9 10’ P°® eey

several future plans but a tough experiment 12
BNL, FNAL ~10



Theoretical accuracy of the Standard Model predictions
In the kaon sector will be limited to >10%
(may be) except K°® p°nrwhich will be experimentally challenging!

| X) B system: introduction
CP Violation in B meson decays
A placeto look for new physics...

1) CPviolation is expected in many decay modes, allowing to
study the pattern of CP violation.

2) For some decay modes, uncertainties in the Standard Model
prediction is <10 %, i.e. precision tests possible.



Four kinds of decay final states:
- unigue CP eigenstate,
eg KandB® p*p,B® Jy Kg
- mixed CP eigenstate,
eg. KandB® p'pp’ B.® Jy f
- flavour specific, semileptonic and hadr onic
eg. KandB® /'nX vsKk andB ® ¢ nX"
B® K'pvsB® K p*
- flavour non-specific,
eg. B® Dp’,® D'p vsB® Dp',® D'p’
B.® D_K",® D,;K vsB,® D,K",® D/K’

-bolds are not possible in the kaon system-



In the B meson system, the short distance effect dominates
In the oscillations.

_ wW* _ F el _
b «—----- «—d b < < i d
\ t ot . .
12 [C Cl W W
d—tY- Uy __,p 4 > > » D
wW tcu
guark mass
dominatingterm  t-t, (Vi Vig )~ * 2.5<// terms
c-C (V4 Vo )~ * 0.00024 X
t-ctct 27V, Vy Vg Vg ~ ¥ 0.0021
_ G o 2 *)2
Mo = 1202 fg Bgmgmyh B(thth) S (%)

hg = 0.55 (QCD correction)
Bgfs” = (200+40)° lar ge uncertainty

arg M, = arg (V,, V4 )°( = - 2 arg V4 in the Wolfenstein’ s parameterisation)



G, /e d

__ *N2 1 6
u-0 (Vi Vg )1
. , * * , 6
U-C+C-u 2 VUb VUd cb VCd - 2 I

c-C (VeoVea )~ °



CKM unitarity relation: th th = Vcb V - Vi, Vud
(Vi th > = (Vg Vcd >+ (Vyp Vud )? + 2 Vo Vcd Vib Vi

Ifm,=m=m agM;,=agG,;
No CP violation (GIM)

Inreality m,<<m. <<m,

&BT]bC:)Z
" &m &

_1Go

— 0(10' 3) <<1 for both B, and B,
Dm MlZ




* | *
M. - —
, - 12 i2(312 »gei_ llm G-ch—)e i(argM;,+p)
\I\/I12+§(312 € 129
DG8 o2 I . B
|mi »__wnC h’ I,(l_ r)2+h2 d
MlZ %I‘I’bﬂ ' 2
foo B.

z| =1+ O(<10 %) CPviolation in B-B oscillations small

7»eiPr2aMd B

) i(p + 2argVig) B.

Gy, Unlikely to be affected by new physics
M,,: Could be affected by new physics



DG/Dm ~ O(10 ) for both B.and B,

DG/(G, + G ) = 10 ° for B, (using measured Dm and B, lifetime)
B-light and B-heavy

DmM(B)/ DM(B,)=|V,./ Viy [F= LI *~20

DG/(G,+G)~0.1for B, not negligible



Unitarity triangle

ViaVio *+Vea Ve +Vog Vip =0

~ VeV VeV

Vud V



Unitarity triangles

b T Ve Vb =0 VigVig +VVis Vi Vi =0

I-J-Vcb hV

agVy,=0,agVy,=-g,agVy=-b,agV,=p+g- g¢

-12b

Byz»e€ 249

Bsz»e



X) Time evolution

Bat=0  |BO(t))=f,(t)B°)+e '?"f (1) B)
-@&/2
_ € - imt \ - Imyt \
= (e "|By)te \Bh/)
1 i%b|g
\ — ~ {|r0\ i2b |50\
\Bl,h/—\/?(‘B Jxe'?|B%))
-@&/2 _ _
fL () == 5 (e"m'tie"mht)
Blat=0  |B%(t))=€?"f (1) B°)+ f.(t)B°)
-G /2

_€ - myt \ _ 4 imyt \
=5 (e "By - e h\Bh/)




XI) CP violation parameters

Jy Kg
b < © (_(; Iy K
W+ . * * _
< g ar g (Vcb Vcsvus Vud ) - O
K
d > d ° — PP
d > d
W Ks PP 1% g,
< S arg ( th*VtsVus*Vud ) = - Wg + P
C

) <(_: Jy very small

| “h

arg Agy g » 0 with avery good approximation



CPWIly K9=-1, Ay /Ay k. ="1
with absence of CP violation CP(B,) = +1, CP(B,) =-1

ke = (Jy KgHw(By)
YRS {(Jy KgHw[Bp)

_ AlyKg t€ " AlyKg
-12b x
AJ/yKS - € AJ/yKS
1. g i2b
= 1+e 12D
_1sin2b
1+ cos2b >

like K system

pure imaginary

CP violation in the interplay between the oscillation and decay




Time dependent decay rates )
Gy (1) =[(Jy KgHw[B (1))

e
€7 ip °
_T‘e' "Wy KgHw[By)+(Jy KS‘HW‘Bh>‘

o
- 2

Jy K
_ ‘Ahy S
4(1+ cos2b)

e-Gt‘eiDmthJ/y ‘. Hf
2
‘ e ?(1- sin2b " sinDmt)

A
(1+ cos2b)

GJ,yKS(t):4 e #(1+sin2b ~ sin Dmt)



Or well known CP asymmetry:

Gyyks(t) - Gayk (1)
Gyry k(1) +Gyryk (L)
=sin2b "~ sin Dmt

AJ/y KS( ) —

sin2b can be measured with a theoretical uncertainties of ~O(%) or less




A difficult channel  B® p*p

1) many re-scattering possibilities:

_ T /
B®2p(=0 -

S matrix is not necessarily
diagonal at Gs = m;.

or even

B® DD

np(l = 0)



2) the penguin diagram with a different weak phase and large contribution.

u
. W+I/'< (—j P |3
PP b «— u o arg (Vy, Vi) =9
d — d
W+ /’_—:\\ _ )
[ L I %s

CU \ d
g i u .
< arg(thth):-b




observation:

CLEO: Br(p*p’) » 0.5~ 10°5< Br(K*p") » 1.4~ 105

l

penguin contribution dominates for B® K*p-

l

penguin contribution in B,® pp > 20%




By® Kp

Gr 1 (Vs Vin)* K

top penguin dominates (P (m?) <1)

; Go i [P(M2)" Vi V]2 1 P2(M2) " | 4
W

< D K b t,C‘,U s K~
W~ S T 3. S
—B p li p+ Bd ] < _H p+
dd g - E
Bd ® PP penguin is suppressed by P (mtz) <1

GT H (Vud*Vub)2 M

6 Go W [P(M?)” Vig Vipl* 1 PAmM?) ~ 1°

W < 3 P b t,C\,‘u 4D
By 4 P B Ty p*
d g . g d

Br(p*p )<Br(K*p") ® P(m) >1 (=0.22)



To solve the penguin “pollution”,

-a better theory backed up by data

or/and

-measure Br(B,® p*p-), Br(B,® p°p®), Br(B,® p*p°)

or/and

-time dependent Dalitz plot analysisof B® r *p-, B,® p*r-, B{® r %p°

Quite achallenge... can we ever get down to <% uncertainties?
(some re-scattering problems still remain...)

b find ssmpler final states



g + 2b can be measured by studying
the oscillation ampl Itudes of thefour ti medependent decay rates
B4® D" (np)", D""(np)” and B® D" (np)", D "(np)

Only tree decay amplitudes B,-B oscillations

u (np) |
W~ < ( p) Vud* Vcb o | 2 €0
D +

5 D
By 4

ol Q

U ei2b

*

D
Vcd*vub M | 4e'9

(np)” \

~ | ~ One amplitude is much g+2b
Strong phase difference larger than others

between the two trees
\_ Can also be extracted ) avary small CP asymmetry

B,

OlcCc OOl

olT




g (more precisely g - 2dg) can be measured by studying

the oscillation amplitudes of the four time-dependent decay rates
B®D,K",D,/K andB® D, K", D,'K’

Only tree decay amplitudes B.-B. oscillations
. W g ) Vus VCb u I 3 e 10 u e|2dg\A
B. - =D
S's S S /g - 2dg
_ b W 8 ) Vcs Vub vl | 3elg
Bs s s

/Strong phase difference
between the two trees

_ ¢can al so be extracted D

Two amplitudes
are of the same order

could be alarge CP asymmetry




ggl %o not forget G, (t)u = ‘ ‘ Gt[l (t)+1 (t)]

€. 2 + C.C.
cosh DGt? 1 ‘,Kf‘ B
sinh DGt? 0. 2af e AT () + T (1)]

a

1, (t) :(1+\§<)\2)cosh%t - 2Re('x)sinh%t

) () 5 “)
I_(t):(l- x|?) cosDmt - 21mx sin Dt

v

1Af

As _
X=Z—, X =
A z A



Other possibilities
sn2dg B® Jy f andB® Jy f

complication:
S=s(Jy) +5(f) = O, 1, 2
L(Jy-f) = 0, 1, 2
CP(Jy -f) = +1, -1, +1

mixed CP eigenstate

CP=-1/CP = +1to be measured
from the angular distribution of the final states



b, g+2b, g 2dg, and dg can be measured with
theoretical uncertainties of <1%.

Essential for new physics search!



XI1) New Physics A parameterisation of new physics

Heg U [{(1- r)2+hZ+r,] e?b+fa)

t d b

O |

ol

B new
o S " W <FCNC>

n |




If there is no new physics,
Vel Vol B-meson decays (usually semileptonic)
Dm, BB, oscillations
will fix all the Wolfenstein’ s parameters,
A,r and h (I iswel known).

ol
Q|

b u d t b

2rren) AZ[(1- 1)2+h7]




From the neutral kaon systemh >0

Br(K*® p * nn) measures
also [Vl

2 2
b and gare Bmd“ Big“F(M) [VigVil
defined by the .
sides b/ Uniitarity triangle

r 1
o A ’ th “ e- Ib
B Vub U e 9



semileptonic decays
are least effected by
new physics

Measured Dm(B)) ® (1- r)2+h2+rg,

h - 12+ b from SM

o bK M : CK M angl S
) A th L € IbKM




CP violation in
B;® Jy Ksv.s. By® Jy Kg —
measures 2b .« = 2(byy + T o)

CPviolation in B
By® D'*npv.s. B;® D np
B,® D" npv.s.B,® D*np

measures 2(b, + T 4) T ),

CPviolationin
B.® Jy f va. B,® Jy f
measures 2b,, ¢ = 2(dgy + T )
CPviolationin
B.® D/K- v.s.B.® D; K*
B.® D, K*v.s. B.® DJK-

\

A consistency test by
comparing the two g,
then combine them to
Improve the precision

measures 2(dgy + f o)+




1)
2)
3)
4)
5)
6)
7)

Oy 1S determined A

IVl and gy P by or (Few, W) | | determination of

hew P dgen (|CKM parameters

(Fkms Nkm) P Vil and [V ol

Dyyk 8nd byw P T | | determination

byt ad dgey P f g - of new physics
parameters

DM, Dmy and (1 gy, ) P rgpand rg, -

Both CKM and New Physics parameter sets are
fully determined.




Potential problems for BaBar, BELLE, CDF, DO, HERA-B

Jy Ks very high statistics for a precision
D'np small asymmetries require high statistics

DK  need B, (BaBar, BELLE)

particle ID at large p (CDF, DO)
small branching fractions <10-°

Jy f need B, (BaBar, BELLE)
large statistics needed to obtain CP=+1/CP=- 1



More generally new physics can appear in
Db = 1 process

through penguin RNy
B %{ ..................... \;%
new
particles
Db = 2 process
through box B
S — —
d,s Hlﬂevv ..... I
ticl
through tree ) particles
b



CP violation must be studied in
B, decays via Oscillations A b® c+W and b® u+W

B, decays via Oscillations A b® c+W and b® u+W
By, decays viapenguins
B s decays via box

Experimental requirements are
Small branching fractions® many Byg,,'S
Rapid B, oscillations® decay time resolution
Including multi-body hadronic final states® particle ID
mass resolution
sensitive trigger
® adedicated B experiment @ a hadron collider



X111) B Experiment

B Physics now and in near future (~2000)

Symmetric e'e colldier at j (45)
CLEOQO II-111

Asymmetric e'e colldier at j (45)
BaBar
BELLE

Hadron fixed target
HERA-B

Hadron collider
CDF
DO



Experiment Now | In preparation R& D
(1999® 2003) | (2003 ® ?)
sym. e'e @j (49)
CLEOII CLEO I
Shb ~1nb
L 4" 10% 1.7 1033 3 103
S bb/S hadronic ~2" 101
B-hadron B, B4
Detector central
Trigger all
S«(B) very modest
Particle ID e/mhadron e/mp/K/p
limited p/K/p

few” 107 B's by ~2000: Rare decays, direct TP but not Jy K¢




Experiments in hear future(~2000)

asym. e'e hadron
i (49 p+meta @40GeV pp@2TeV
BaBar/BELLE HERA-B CDF/DO

Sy ~1nb ~760 nb ~60 b
BB/sec 3/10 38 6000
S bb/S hadronic ~2 101 ~10-° ~10-3
B-hadron B, By B,.ByB,B. B,B4BB.
Detector dightly forward forward central
Trigger all Jy highp, m
S, modest good good
Particle ID e/mp/K/p e/mp/K/p e/mhadron




Around 2005, we will have all combined results of:
S,: ~0.02 [rad]
Sp+g depends on how well we understand strong interactions
penguin, re-scattering, SU(3), resonance etc.
Xs  depends on the value, measured If X.<~40
Sgy depends on X
Physicswith “10%” B's

b+g, g, dg, (X would remain to be still open questions

For a significant improvement (>10° B’s physics)
® new generation of experiments

Which is needed to discover New Physics as demonstrated.



Experiments >~2005

pp@14TeV pp@14TeV pp@2TeV
ATLASICMS L HCDb% BTeV
approved approved proposed
S i, ~500 nb ~500 nb ~60 nb
BB/sec 500k 100k 6-60k*
S ub/S hadronic ~5 103 ~5 103 ~10-3
B-hadron B,.B4.B.B. B,.By:B.B. B,.By:B.B.
Detector central forward double forward
Early trigger highp,m | medium p, &nih vertex
(reduction >100) Avertex
S, good very good very good
Particle ID e/mihadron e/mp/K/p e/mp/K/p

"L=1033 for the first few years, 4L.=2" 10%2 for many years, "L=1-10" 1032




>2005
New generation of experiments could give
S,: <0.01
Sgg <0.01
Xg uptox~40 (ATLASCMYS), ~80 (LHCh/BTeV)

In addition, due to the particle identification capability and
efficient trigger, dedicated experiments could give

s:. <01

Si;g; <01 } essential for discovering new physics

using various decay modes.
Also:
B.® K'I*l-,K*'g ntm, B,® fKg, rare D and tau decays etc.



Physics capability of the LHCb detector is due to:

-Trigger efficient for both leptons and hadrons
high p; hadron trigger B 2 to 3 timesincrease in
pp.Kp,D"p,DK*,Dp,DK ...

-Particle identification e/mip/K/p
pp,Kp,D"p,DK*,Dp,DK

-Good decay time resolution
e.g. 43fsfor B,® Dp, 32fsforB,® Jyf

-GGood mass resolution
e.g. 11 MeV for B,.® Dp, 17 MeV for B;® p*pr

particle ID + mass resolution b redundant background rejection



LHCDb Trigger Efficiency
for reconstructed and correctly tagged events

L 0(%) L 1(%)| L2(%)| Total (%)
m e h| dl
B®Jy(eeKs+tag | 17 63 17| 72 42 81 24
B®Jy(mmKs+tag| 87 6 16| 88 50 81 36
B® DK + tag 15 9 45| 54 56 02 28
B ® DK" 8 3 31| 37 59 95 21
B® p*p- + tag 14 8 70| 76 48 83 30

- trigger efficiencies are ~ 30%
- hadron trigger is important for hadronic final states
- lepton trigger is important for final states with leptons




Very small visible branching fractions
(10-'~10-9)
|mportance of particle identification

LHCDb Without RICH
|
S =
13 MeV/c?
With signal
events

With RICH %M

0 WW Imﬂ'mﬂﬂ,p—q-“—rﬂﬂ‘l—"r

4.5 5 3.3 ; 6
mK* T K ) [GeVic]
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Major background: B,® D (No CP violation)
|mportance of particle identification and mass resolution
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X1V) Summary of K and B system

K-system

edomination of 2p(l = 0) final states

*K ¢ decays much faster than K

KK, oscillation frequency
» decay K¢ constant

*CP violation in the oscillation
In the oscillation-decay interplay




B-system (B @) 10 (B @) 10
*no dominant final states

B and B, decay constant differences

_DG 56 10 _ DG
Bd y= IS @ 10° Bs y= IS @0.1
*Bs-B, oscillations vs. decay constants
_ Dm _ DM &y
Bd X= S @0.72 BS X= S @hbig

Dm(B,y) @m(K) "~ 107

*CP violation in the oscillation By
expected to be @10

*CP violation in oscillation-decay interplay
could be



Conclusions

CP violation was, is and still will be > 2005 as one of the
most mysterious and important subject of particle physics
for both

theoretically

and

experimentally.

In the end, we have not yet annihilated !!!



