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Unitarity Triangle
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Information from lree Level Decays
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Hunting A with Rare and cp Decays
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m (2 GeV)=110£20 MeV |
Q=7 |

Al =(340+50) MeV
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1 New Results: 067 JLQCD
Juenched
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[ ENJL model .
combined with , . nens
large-N Fo B, =2.2=0.5 Prades

(Enhancement from
Higher order CHPT

Lattice with i RIKEN-BNL
domainwall ¢ By=-6.54&0.0 -Columbia
fermions B, = 0.42=0.02 Collaboration

Higher order U(p*) Isospin breaking corrections
(Gardner, Valencia): q Q.. = 0,

{Q,,,20255008} mmp {06<Q, <02

Donoghue. Golowich, Holsten ‘I‘

A LB, + Gérard

Cheng; Lusignoli : _
Very uncertain

iModel dependence)

— - \'.If B ‘- .
tEnhancement of €'/€ possible
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1. B, = 1.0+0.3 By=0.8+0.2
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Spectacular Signal of New Physics
in NA3IL, KTeV, NA48 data



! A Lot of Room for New Physics |

% ¢ Models with new CP-violating phases
can give large contributions to /e

#  General supersymmetric models
(Gabbiani, Gabrielli, Masicro, Silvestrini;
Masiero, Murayama; Babu, Dutta. Mohapatra}
BCIRS; Neubert, Kagan; Barbieri, Contino,
Strumia; Eval, Masiero, Nir, Silvestrini; Beak,
Jang, Ko, Park

#  Models with new fermions and gauge
bosons (Agrawal, Frampton)
# Models with anomalous gauge couplings
(He)
# Models with moditied sdZ vertex
(AJB, Silvestrini., Colangelo, Isidori, Romanino)
# Models with enhanced chromomagnetic Penguins
(Keum, Nierste, Sanda; BCIRS, Martinelli et al)
Untortunately : {Many Parameters}
{Not predictive}
ﬁ ¢ lhese Models can be constrained through
interplay of €’/e with rare K-decays
(AJB, Colangelo, Isidori, Romanino, Silvestrinij
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Rare B-Decays
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’B —> XS’Y z (Magnetic Penguins)

Large SD
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Bertolini et al. (87)
QCD Deshpande et al (87

Long Distance Effects: few %
Short Distance Enhancement: — factor 3
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XSY at Leadmg 6fdﬂr

emem——

Grinstein, Springer, Wise (87-89)
Ciuchini, Franco, Martinelll, Reina, Silvestrini (Y3)
Cella, Curci, Ricciardi, Viceré (94); Misiak (93-94)

B—X,y atNLO

initial Conditions

Adel, Yao (93); Greub, Hurth {97);

AJB, Kwiatkowski, Pott (97)

Ciuchini, Degrassi, Gambino, Giudice {(Y7)

Renormalization Group Evolution
Misiak, Miinz (94) (Two Loop)
Chetyrkin, Misiak, Miinz (96) (Three Loopj

Matrix Elements
Ali, Greub (93); Pott (95) (One-Loop) |
Greub, Hurth, Wyler (96) (Two-Loop) e

Two-Loop Electroweak Corrections
Czarnecki, Marciano (98); Strumia (Y8)
Kagan, Neubert (98)
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Ciuchini, Degrassi, Gambino, Giudice (98)
Ciafaloni, Romanino, Strumia (98)
Borzumati, Greub (98)

B—Xy m SUSY

Ciuchini, Degrassi, Gambino, (nudice (Y8



EB")X ) :I {ou, Willey, Soni (87)
|_|:—5l'l ol e ey, Soni |

I:-" e !.|.-
'L'Q_h’_ S Smaller
wooT t _ v + Magnetic
: AAAAAA. Penguins
LL ; H .

Girinstein et al.; Deshpande et al.; Lim et al.
Ali et al.; Greub et al.; Burdman; Hewett;
Kriiger, Sehgal; Falk et al.;

NLO: Mlsmk (94); AJB + Miinz {94}

e —————
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u o I l
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B £20% [ iiﬁl% J
SM Elﬂﬂttﬂtiﬂﬂ Expuri“]ent
(5.7+0.9)-10° <58-105 CLEO
Intensive Studies: Should be measured at Run
LI): Buchalla, Isidon, Rey 'V,
T Kim. Morozumi, Sanda Usetul for V,
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New ., Hewett B—}Xdl.[k];l'

Phvsics Al Mannel, Morozumi
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“Isospin Breaking™: Marciano + Parsa (-10%) (95}
(relation to K* — %' v)
i 2.3
| m ce
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.‘- 0.01 {].{}4 170GeV tc

[
B b e L T L e o P e e b e T TRk m e mes s
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(M (o (0 ) 100Gey < w, < 300Gev; 1Gey =y < 3Gev|

SM Expectation Experiment
(79£31)-107" [42497'] 107"} (1997)

3.3

. 787 (Brookhaven)
LD Effects < 1% L '
Rein, Sehgal {Nu new events) E (1 99{-}}
Hagelin, Littenberg (1 ?+3_E}J 10-1°

Lu, Wise; Fajfer 14 (my estimate




| Upper B:::rund on Br (K4 ST W) fI‘DHl (,&M)S \'

Buehalla AJB (99}
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£ - 1n \/_f V= AK R=022 |
-' FE'd | P SN——
JA =089 X(m,)<157 \’l/ ﬁ?v‘.[j 0.2{
P <048 ,
4 (AM, > 143 ps '}
_______________________________ | B__ _1;;*__;,._1-1 . : 10 o
5 | Bk )m[ )
14 1.67  (1.47)
1.3 | 1.49  (1.32)
1.25 1.40  (1.24)
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(Misiak—Urban) Uncertainties
Isospin Breaking: Marciano, Parsa  (-5.6% reduction)

Long distance: Negligible (Buchalla, Isidori)
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(KAMI, KEK)

Model Independent Bound:
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110
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Grossman, Nir



UT from K—>mvv| oo

(0.0) (1.0) ~ (14, 0)

Charm

X(wm, ) - m, E
b mm (0.42 £ 0.06)
C

-

Ima, = E(E[ : BF(KL))

aairazﬁ:Fz(%ﬁ_,Br(KI_),Br(K+)) ; fv

...............

........ ey

sin 23 sin 2 e

(K — nvv) (B—>1/y,K) | SM |
ﬁ (p K" . and._... .

K - Physics I3 - Physics  Beyond |




| MdStﬁI‘l c}rmulde |

Br(K, — n'vv ]{ITUGWJ Ij

Lm;m,l =136-10 4\/ 3.10"

21' I__\/Bl_BE_Pc
1+1 o \/E:

5 Br(K+ —> TcW?) B Br(KL - Ir”vi_!)
T 410" T 180100

P, =042£0.06 4= (m, A . 1)

| F—

sin 23 =

1

I?UGEV:IMTS[BT(KL -y T:”vv)},f

=

V| =40-107 039{

N Tﬁt(mr) 3-107"

1 ] (AJB)

""" From CP-B Asymmetries |

C‘le*meat |
- Determination |

e P TRTR PR |



ABr(K")=ABr (K,) = +10%
Am=£3GeV Am =450 (100) MeV |

AV ==0.002

j’ 1\' b .

-0.001 | Present

Future

+ 10%
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- 17%

+ 7%

+0.16
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Rare K Decays_mm

Ejeneral S__USY Models |

AJB, Colangelo, Isidori, Romanino, Silvestrini
hep 9908371

Main new effects:

y-magnetic Penguins
Enhanced Z"-Penguins

Constraints from AM,, €,
€/e, K, —» up and Renormalization
- Group

Most probable bounds: (SM),. ...
Br (K, —n'vv)<12-107" 04-107"

Br (K" > n'vw)< 1710 " 11-107"°

Br (K, »n'e'e’)<20-10" | 07-10"

Larger values possible, but rather unlikely

Earlier Analyses: Nir, Worah; AJB, Romanino, Silvestrini



Beauulul confirmation of the TH predictions

(Seghal, Wanninger, Heiliger)

e T S

TH KTeV
Br 3.1 % 107 (3324 0.14 £ 0.28) - 107

Ay = 14% (13.6£2.5+1.2)%
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= | Using §
)| RTeV 4wy
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Donoghue, Holstein, Valencia, Feker,
PMich, de Rafael, Flynn, Randall,
Seghal, Fleiliger, Fajler (95)

b, Dokor, Pich (9350

Danpehue, Gabbiand (%3

Ammbrasio, Portoles (87]

@ K, ——a"" > n'c¢ @ indirect CF

- * (Ks — n'e’e” will 1'1'i::i|]!;i
Ié;k.n:r, Pich, de Rafael (21
Healiger, Seghal (93)

Donoghue, Gabblam [95)
Fajfer (5]

[ f, Dot a- '
3) K ——ny >nee qm dice GF
""" * (TH very clean!
47419
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[

-

N Db, Dunietz, Giilman
LA 4 Flynn, Randall
i Buchalla, AJB, Harlander
! The .H'i-'f[iﬂﬂ SOk A, Lamtenbache:, Misik
‘ ol Mt 194
| Penguins B

KoleW (99):

:

Br (KL — n'e’e )] 251.'5.]{!'”:I

Exp

“ Problematic baﬂkgrnﬁ;{al:%ﬁ;ﬁe*e‘w




CP Violation

in B-Decays

(Asymmetries and Other
Strategies)



Tree Ihagrams: // s
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EENE

Qe Penpuln Dlagrams:

oy

g = yz

a2 1

L g — ifs

Basic Diagrams in CP-B




|@Asymmetnes in B De_@z_g_l

[(B—>f)-(B—f)

éACP(f) (B—}f) (B )

B:{BiBLBEQ

- s L ey | Mixing mduced Agp
Free of | inBY deca}fs dominated
- Hadronic Uncertainties | | by a single CKM amplltude:

............................................................................... |

Particularly simple: f =CP civensiate |

.............................................................

Weak Phases can be measured
directly !

However: B,—»n'nt

ALP(R = t) _Sin((ﬁm.i )Sm(Z{I 9)

.....

“Penguin pollution™



Theoretlcally Clean
 Determinations of (c,B,7) |

|—Vﬂf}’ small 1D = Time dependent

‘ Asymmetry

9 | ]
B, —n't (Gronau — =1 ondon) |
| ~'d . J

 B=liye + Isospin Analysis (ID) |

- Bfomrd
| Born’ <10 |

——— ey i —

B aJhpK (ID) |
tBH ] + nl]LEd}

Free of
Penguins

(Bd—}q:l K D L)

) L o o

B. —» DK" (Aleksan, Dunietz, Kayser) (1TD)
+ ) + : o

B®— D{:PK seee (Gronau, Wylery* Rates

BD —» DGK etC. {(Dunictz) only

* Atwood, Dunietz, Soni
Direct .27

Rest: B — B mixing induced 7

Tagging | . distinction between unmixed
required | BYand BY at t=0 (hard task)
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Single Iree Diagram:

—3 (AM),
: : Xds Xgg =——
Acy(t) = I::P(f) SIH(Z(PD _Z@M) [+ 3 L.,
d.s
Yy b—u - B,
Pp = i On =
0 b—c¢ 0 B,
(Decay) (Mixing)
§  sinco2e
© B,decays (b —~c¢) ir_:TIEﬁ:
B,— wK, (veryclean) (Br— 107

© B.decays (b —»c¢): | 2471

B, — wo (clean but 5;;'1;;113} (Br - 107

® Bdecays (b w: | sindu
B, — m'nt  (Need Isuspin Analysis  {Gronau
to remove P) Londonj

Br(B" > n'n ) =(47£1.6%06)-107
Br(B” — n'n’)<12:10™ (CLEO)

Br(B® —» n'n") <10




W ALpT) + Bsosping Gronasu + London
(Difficult to realize : Br (B"—n"z") < 10°%)

B—pm etec. Quinn, Snyder
(Rather involved)

Ap(T), A (KUK AJB + Fleischer
{(Limitations from SU(3) breaking)

o Ap(t), Bt KE, B* =Kt Digh, Gronauw, Rosner

{Limitations from u-, c-penguins)

e | ogdief t B K 1
A‘EF(H‘I —> T ), BI'LB — T K}) | @ {;\U;_I“ = LjL:*’ﬂJL

r%E':f'i“"(B“ =T ), Br(HT' —> f?ﬁ”ﬁ

Fleischer, Mannel



{Pure Penguin Decay )

= i o

o Finf2a, 20.]-53p

{ Pure Loop lﬁ}eca}-} m)  Sensitivity w
New Physics
(London, Peccet:
I'leischer;
Grrossman, Isidori, Worah

Pp="Y (small correction)

.........



"y from B-—)’EK'

Penguin dominated decays: e
Br (B° > 2°K") = (19403 01)-10° .
Br(B* > K’ = (1.8i0.4i0+2) 107 .
Br ) -

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

Uncertainties from: SU(3), breaking
Final State Interactions|
Electroweak Penguins

Fecent Studies: Fleischer, Mannel
Ileischer; Gronau, Rosner
Neubert, Rosner;

{General Parametrizanon} — AJB, Fleischer; Neubert
Gronau, Pirjol

[n particular: Fleischer - Mannel Bound

Neubert-Rosner Bound

Recent work of Beneke, Buchalla, Neubert, Sachrajda
(Non-factorizable contributions) could be useful here.



Fleischer (99) No FSI problems
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e

;Bq—ﬂf'w.

Limited by U-spin breaking cilects

B. —-—>lhpK - {T}

R e

Figure 7: Feyuman diagrams conteibuting to By = Jfp Ky, The dashea
lines in the penguin topology represent a colour-singlet exchange.
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Figure % Feynman diagrams contributing o H; — a"n" and B, —+ K7~
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o h = 8Ing
- sin23 p
k] + I:"]




Standard Analysis (P, M)
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0.4 0 04 .04 0 0.4
P _ P
CP Asymmetries | (B Decays)
U.E‘ ._..._:':.::'.." N {].5
a
0.4 0 0.4 04 0 0.4
p P

| sin20.= 0.40 = 0.10
' sin2B = 0.60 < 0.06

| CLEO 1L, CDF,

l
5

| (BABAR, HERA-B, BLLHJE ]u HC-B. BTeV)
|
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K, —n'vv

K" 5 n'vy

CP - B Decays
} & { (sin2a, sin2f)

}

{Buchalla, AIB 96)

o 0 i
ii ) E%’ZV AV, =+ 0.002 (0.001)
Present: =0.003

Errors K — mvv i Phase 1 Phase 11

AV + 10% (9%) ' +5.5% (3.5%)] =+ 5.0% (2.5%)|

Ap +£0.16 (0.11) = (.03 + (.01

AT + 0.04 (0.03) + (.04 = (.01

A sin2f3 +0.05 +0.06 +0.02

AT, + 5% 14% (11%) | = 10% (6%)
(p. 1) (p.1)

Yo,

K, — vy
sin2c, sin 2

C AV, = 0001

’””“ A

Vo = +0.003

- ch |




AV, = £0.001

ﬂv.{t:‘f&:) —~+1-2-10"

CRP

K, = n'wv

sin 2P

B! - BY Mixing

B—X,pn

Electric Dipole
Moments

AV, / V| = £0.01
Improved (&' E)[h
K™ — 1" vV
o,y trom CP-B
K, —>nee
Improved B> Xy

H—> <&y



The Future
until
011

should be
very exciting




