3. hligher-Order Iransitions

= Structure of the CKM matrix

= Meson Mixing

= Rare Decays ?'%{3
* Indirect V; determinations
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Flavour Changing Charged Currents

g _ _
= mw; D Ty (1-y) V,d; + Z‘VI y*(1-y5)1 | + hec.

QUARK MIXING MATRIX

Cabibbo — Kobayashi — Maskawa (CKM)
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ij

- CKM entry Value Source

— 9 0.97377 +0.00027 Nuclear £ decay

—_j 02230£0.0025 = K, K, 1S
= 0.224 +0.012 vd — ¢ X
s .

N 0.976 +0.014 W*— had, Vi, Veg oo
o 0.0415+0.0010 | B> D'V, ,b—>cly,
__I: 0.0043+0.0003 B—>7zlV, ,b>uly,

_ 0.97 * 2% t— bW /qW
=
a
———

2 2 2 _ S|Vl + [V ) = 199920025  (ep
[ Vaa| * |Vis| +|Van| = 0.9980+0.0017 | Vi g (LEP)
J
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Ne=3: 3 angles, 1 phase (CKM) Cj=C0sf; ; s;=sing;
f

Cip Cia S;2 Ci3 Si3
— =S5 Co3 = Cpp 553 543 Cio Co3 = S13 Sp3 Si3 S73 Cia
| S12 523 = Cpp G353 —Cpp Sy = S5 G353 Ca3 Cia |
[ —A%[2 A A (p-)]
= 2 1-2212  AA? + 0(2*)
AL (L-p— ) —AA 1

S, =4, Sup=A1% | spe'®=Al(p-in)

A~sinf, ~0.223 ; A=083 ; /p°+n° ~0.46 (777&0) /
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(1) = a(t) |P°) + b(t) |PO) = (b((g) @) = V)

CPT:

Dispersive:
= ParmalPY) | 1 g f g, o] Qx (POl X) (X1 PO
p 2Mp . Mg —s
Absorptive:
= 2y 2 [ 4Qx S(MB = ) (PO |X) (XMoo |P)
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Eigenstates:

1
VIpI2 + 14l

|Px) = »|P°)

CP Symmetry:

) [P) 7(

CP Violation

F q|P%)]

|PO) | P%))

(P-|Py) =

TR

[Phase convention:

p% — |g|?

~ 2Re(s
a2~ 2R @
1-8
14+
mm) [¢/p|=1
CP |P1,2> — :I:|PL2)

CP|P°) = —|P%) ]

A. Pich — Santander 2006



A P°/PO state produced at =0 evolves into
IPO®) \ [ (&) F92() \ [ |PO)
o)y ]\ Baoa®) gr(®) )\ |PO)

g1(t) | _ Mt T2 cos [(AM — LAT)t/2]
go(t) —isin[(AM — 5A)t/2]

AMEMP+—MP_ APEFP+—FP_

1 ;
(AM)? — . (AT)2 = 4|M,,|% — || , AM AT = 4Re (M,
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AMEMP+—MP_ - AFEFP+—FP_

O CP |nm) =+ |nm)
Kg) = |[K-) = [Ky)+ 1 [K2) ,  [Kp) =[Ky) = [Kz)+ 1 [Ky)
FKL < FKS Al'go = —I'g & —2 AMgo
® Many open decay modes common to B? and BO
Al'go < I'po

Al'go/AMgo ~ 1‘11%;”1‘11? <1
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u, c, t b o] W b
> > e VAVAVAVAVAVA s o
W u,c,ty AU, cC,t
e 7 - — i
u, c, t q b w q

GIM: ( 2 VidVip= 0) - Mixing ~ m;—m_,, m;—m,
1=u,c,t
Vo Vi ~V, Vi ~Vy Ve ~ A1° =)  Top contribution dominates AMj

AT’z governed by c/u contributions (b decays) - ATl'go/AMpo ~ mﬁ/mf < 1

2 4 A .
Via|” S(xrsr) (EMéféj B, r=m’/MZ (i=uct)

(B°) (57#(1 ~ 45)d) (Bru(1 — 1)) | B%) = 2 M (V21e)? By
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Time-dependent probability:

1 —r ¢ Al q
_ = 0 B _
= ;e B [{:osh ( 5 t) cos (AM,, t)]

&

1 1 ,t y '\
¢ BY [l—cos(&ﬂff}j@t)} (Alpe/AMyp < 1)

Time-integrated probability:

2 2
Td + Yd = '&ﬁ‘rnﬂ
2(1+4z3) r

x = Prob[B® — B9 = : yg = —2

BO

B-flavour identification needed both at production and decay times

Flavour-specific decays (tagging): BO (5)—>Xl+vI , BO (b)—>Xly,
ete” — BBY - (Xly) (Yiyy)
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AM_,, =(0.507 £0.004) ps’*
d

ALEPH 0.446 = 0.026 = 0.019 ps']
(3 analyses) !

DELPHI 0.519 + 0.018 + 0.011 ps™
(5 analyses)

0.444 + 0.028 + 0.028 ps™’

OPAL e 0.479 + 0.018 + 0.015 ps™’
(5 analyses)

0.495 + 0.033 + 0.027 ps™
0.522 +0.016 + 0.009 ps™

DO 0.498 + 0.026 + 0.016 ps™

(1 prel. analysis)
BABAR 0.506 £+ 0.006 £+ 0.004 ps"

(4 analyses)

0.509 + 0.004 £ 0.005 ps']

Average of above 0.508 £ 0.004 ps'1
after adjustments

CLEO+ARGUS 0.495 +0.032 ps™
(X4 measurements)

World average 0.507 = 0.004 ps'l
End 2005

" HFAG average
without adjustments
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q u, c, t b q W b
— > > — > VAVAVAVAVAVA e o
W W u,cty AU,C,t
= - 7 = = —
\% 2S 4M2 2| B —m2/M2 :
‘ td‘ (re> 1) 5 B ‘B B l’i=mi/ w (i=u,c,t)

(B°) (7#(1 — 45)d) (Bru(1 = 48)d) | B%) = = M (V21e)? By

Lattice: v2fg\/Bp = (224 +35) MeV

AM,, =(0.5070.004) ps"  mep V| = (8.1+1.3)x107
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g uct b g w b
s > > e e VAVAVAVAVAVS sy o
i W u, e iy AU,C,t
e B W q
AMy, =(0.507£0.004) ps™ ) ’th‘

= AM_, /T., = 0.775+0.008
Bd Bd

i 2 2
o AMB(S, =(17.31 +gi§ +0.07) ps”  (CDF 2006) ‘ Ms| > Ntd‘
= ALy, /Ty = 0315 AT o [ AM, ~m¢ /mf <1
o a/p|-1 ~ mZ/m¢
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opposite |
side lepton

fragmentation
. kaon

B hadron

Collision Point L xy typically 1 mm |

Creation of bb - m =
. ct=Ly—

Analyze B properties: | e
+ flavor at decay: from final state
+ proper decay length ct: in B rest frame

+ flavor at production: from flavor tagging
(mass, etc): minimize backgrounds

B mixing Amg= OSpS
B mixing Amg= 20 ps’

Hl”u‘;',‘,l, I S —
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Fourier analysis

Two domains to fit for oscillation:

Time domain:
1= fit for Amsin P(t) ~ (1 £ D cos Amgt)

Frequency domain: amplitude scan
iz introduce amplitude:
P(t) ~ (1 £ 2aDcos Amst)
i fit for 2 at different Amq
= obtain frequency spectrum
= true Ams= a2 =1,else 2 =0
= traditionally used for BY mixing search
= easy to combine experiments

5.0.8;
e et [
N
@ 0.7|

time domain analysis

— total
— unmixed
— mixed

10 15 20
decay time, ps

amplitude

0.0 AN\ A e~

. frequency domain analysis

L] 0 : . -

s ]
10 20 30
flavor oscillation frequency

22, G. Gomez-Ceballos, April 2006, FPCP, Vancouver, Canada
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. +0.33
AM_, = (17.31 7y

CDF Run Il

+0.07) ps™

] - datat 1o
datat+ 1.645¢0

. data + 1.645 o (stat. only)
1 ---1.645¢0

1 O sensitivity: 25.8 ps™'
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PBs _ 1 5140.047
= 1.21 " 5035

Ve

+0.001 +0.008
0208 —0.002 -0.006

(exp)  (th)

A. Pich — Santander 2006



/.

(C

[ S =AM
@A

e
&

Br(K" > z'vv) = 8.0+1.1) x10™" ~ A*[5? + (14~ p)’ |

Buras et al

Br(K, > 7°vv) = (28+0.4) x10™ ~ A* ?

Long-distance contributions are negligible
/

T(KL—>7ZOV17)¢O > /

" BNL: few events! — Br(K* > z'vv) ~ 107

= KTEV: Br(K, —z°v¥) < 59x107  (90%C.L)
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