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CF  velats o varous aveas of phenomendtoqy
and. theowdical tools
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Standard Model of &
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Questions we would Cike to have the answer to :

8 Js CP broken spontameous®y ( as
qonge Symmedry ts)  or  explicitly 2

[ exptucit ui the SH unliss Sy = O
but may be sponlaneous W @ more [unda -
mentel theary |

m  Js SF small becwst LF - phoses
ae small (™ approximale (P symmelry *)
or {or other easons °

B Js the KM mechansm the only sourw
of F at te TN sab?

[ probobly net o thew s new physces
a th TV sl , bt then the quesiion

avsts wWhy we haw ndt san  mort

F n.htndy.]



Unctonity triangh constramts

Va = Nale® < AN (5-ip)
= ‘.%\E-Lﬁ = AY (1-3-11?)

New Mg [ PDE phase convenion |
Vg = AN
Dbservabhs
Vol 2 :
| V!l : CP - @onserving
ﬂﬂg‘“bﬂh
D ¢ - ;
@ E:"t KK X g
2 + vore decays  (K)

K= nbwvd ]
* \d— ’fuh.ur-

@ suna
m P BB mxm
' ] + mrr_dn,cmfs (B)

Recent {its : Ciuching et ol [ hep-ph/ 0012308)

Hocker o a0’ [ hep-ph/ 040% 062 ]
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Jmproving  the  accuracy of [V | s very wniportont
| ; Veb

s 4 is the ony nsiraut that s based
on & tm prowm hence  insensitwe
to  new physics

A

G determuines the ™ bue” KM
parameters

® il s orthagoad® to BB muxwng
G defermines  the allowed vange of

swi 2B for Compowson Gth  duect
e sovement

A M

Note:  3f oMg, fdlows theSH eqeciadion i
Wil be measartd at the Tewabon W8
Qo2 - 2003




oF (0 Kaon decoys

F w moang  ( widirect )

KL - K! #@Fﬁ:\ e 3
oled 10 KK moxmg

| |
n x E 3 1 K
% C-P —— R —
Blrery 4
le le 223 4073 — T (43r005-3)

[ measured {onf o964 |
anertanhes: B <« faMie!
Vel

_f{l{ w decay (duwect)

Tk nte) PlKgms") A E-Rt(ﬁi)
C(Kg=» ) MK ') t

s inconclunipe befow 1939
NA4E (Cerw) KTV (Fermitab)

499 425+313 104 %A

(v to B2twd] .

2004 183+1.¢ 20,31t 28

F n de.m.'f omplitude established (or tha s.ur:&
time !



The theory of € ts more complicated than that of any
othe quantily dixcussd so far

@ Short- distana physws :  a ft of work
but done  ( Muntth + Rome)

E}E o ‘15”1.“-'* [ '-\m\f;\lu] A 11“!!“' )’"

12 - 4" Mg (26ev)
3 { ) 34
{ U-Qg) - 04 (ﬁﬁm B‘ }
| E lacrowgtale
penguu pragum

B, =« <mxlo;\K> hadronce mabnx elaments

Pllgs: Bu:“

8 x i small
Lg = .15 * ¢ ® ‘e

Suice then we barnt:  sercous coleddabions wmust  quount
for Suiad shate uiierachions

S Chird PT T Pallank, Pidn, Scomen )
giws ngt mogpitude  ( enhanamert of B\ )

o Lot BCD con selle this | Lelloach, Lisher

Lin eb ot ]
when 2 ( want 0% acaracy L)
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m Futme @ vere koon decays

K* - o Ap =44 L
K Lo = 3004 expean) Egi;m
K = nod [8r ~ 340"  expeckd ) (P i

Theory Very atcwsale | Buchebla, Baros |

S
E }1(‘; +  boxes
d

Jn ~ 2010 we may haw an accurak defermwabion
of the unitorily tvanga from Kaon decays alone
((or deswoer new physus ... )



Constraints on the unitarity triangle [(p, 77) resp.]

T
P N

=l

p=0.21+017 7=0.35£0.14
sin(28) = 0.68 + 0.21

sin(2a) = —0.24 + 0.72

v = (58 & 24)°

[From Haécker et al., http://www.slac.stanford edu, laplace/ckmfitter. html, and
hep-ph /0104062.]



f i B decay + mixing

Jnterf{eena of g T B
moxing 8 decay
A\. / &
Ae e " E. fo
AN

Time - dependent asymmetry
At = F(B'm= {o) - M(Btn-+ 40
r‘[n’“]#h}* I"(E'u,.-.;‘u}

dueick
/ 24

. Am> . 1- W -
= ol + -
% I}.lll S B‘ T h\: (K ] ﬁ“l‘{'
B Mg, s 2(prSy) swsHyt i‘...ﬁ}m"u
(x4} dominaled by o
Single  phase
Az INe bW
W m‘m" : [-" ]”'1]
B %K, suigie phoz o 1%  acavacy
Bwz0 [ b ¢fs)
Mo == 4

=>  (lan mexswement of +he _Bﬁ muxing - phase
( wlolue 40 b cZs) \ akso beyond the SH)
smdf ww ta SM
( rdaled 40 phoe of Vi)



SN2P megswements

COF (20m) X Bt

BaBar Belle,

1000 042 ¢ 0.3% 0.4+ 045
(sl ) -
2004 0.3%+ 0.2 0.58 + 0.34%
(spmaq )
2004 0.53¢ 0.45 6.99 ¢ 0.45
(summer)

W@Q sm2p = 033+ 0.40
3 1.5 068 £ 0 (Hider etd)

Wideet det. 0.68 2 045  ( Cinchone etal.)
at B%CL 1

=  Fi'st measuement of o forge (P asymmiry
vulis out idea ©Of approximae CP

=>  logether with consishncy of wdoef fit:
the KH mechansm s probobly the domcnant
souran of CF at the dechowek scale



What could have huppen&l

New Physics could have affeced BB moxuig
but :

I the CKM  malnx vs the onfy souwra of ffawour-

t:.houau:a proavas (+ no nen operators W Hegy) then
nus  wikerachons that afft BB mourg  olso  affed
K muxey
— onty small modvjations possible
i Wy
wn > e
652... 0.38  prfened Berymann, Pes |
and Al K)  still mensurs e phase
ﬂ; VH

Vi versa:

Very small (or veny favge) A (k) would have
wiplsd @ nuy  mechamsm  of Pm;mr vodadion
with Cprobabty) news P phas w BB
Wy Xing

— P P'\"EHI.'I'H ( sa faler)



£ i B decays

colinue to seah for v many woys
(D, %, epm.._)

»  bua: KH mechanism preducs farge effeds only
m B decays ( and rare K decaps)

s primety fows for commg years ¢
oy 4 phae = verily vtdations betuein
differnt prowmes

search Eor small dewalions

Exa 3 = 5
xample B0 - ¢'ﬁ - ;13'
- B _'t &
b — sis _.________i "
Aoty = - s 2(p+8y) smalgt +  smadlf

Contcivom

should alss measwe SW2p o te SM (yz0)
and simullanacusty vs  sensite o NP QCD
penguin’  amplitude

To wwy ot this progmm nud 4o cnbel shong
inferaciion  efferts




Basic  quandities

9\6 n decays

r( B—+f) & (B ;.} eq.:
-E!'—-& Ll O
Nad ot &ast two p® i A

ontnbukions +o the
amplilude wath dcffeeat
CORMY wmk and strong phases

A~ = Ag™e'™ o« A ™,

-E“' — * - _l "i& _..r""-:
=t P
B g R

w ‘

muds.T.[nr K mesons E” ~ 0(w)

(_ L) F:ﬁ
Sbie 1"111 .

vich p'hf.hnmtlutog\_,r {or

B mesans

buL * dt:%!':-l:{h_‘a.*: <hn ng n, ]f,rﬂ[_‘h:m, PT"‘HJ‘-'-“?

o {-m* as  Quandibabice tn'.i.trpi-.k&r:nn
s eoncemed  ( alen b {-cr- mxng,

ﬁj‘flﬂ_mb.lhf!:.. W r\‘ﬁfﬂj\)



Two  complimentary approaches

* Dewy amplitude parametnralions

o @« WA Flavour Symmelry

o Elyminate sivong wileracicon effpds
with help of measurements

Y dlasse”  dala- drien opproach

!

=
As-p = <HI01B>

|

o QCD coleufodions of decay
ﬁm{&i&uh
® Heovy quark timit , my» Agp

® % theory- dvimn opproach ", news

much vecent  acluady (M 8D fackmiabeon
“ PACd“ )



Defermination of y ( phese of Vel )

Approach 4
Inferference of bacid ond beudd  (no penguins)
B,y » DIx¥ U Sachs, Dunéty )
B,wm~ DK [ Gronau, Londsn

B! - KD, [ Gronau, Wyt
E_'hl.ﬂ — D: K* [m&l‘ ek 'Q.I--_.l

¢ each mode provides  enough observabbs to  chiminele all
strong iieraction  paramelers

*  exprmetolly diffedy  ( small Br's | smal osymwmatnds
vapd B osullations )

Appmur.hl
Interferna of b= adds (e with b= ds qf
( ptnquun )

B - =nx, nK

" ocaraldy mmsued

8 to deermine ¢ rud (aladedon of
penguan - to -+t retio uidu:lm’g sl:tung un ferociion
phase



ACD  Factonzation - Nodet, Sodrmiie’

Jn the heavy quork &mit the b quark deadys it
Very energebic Quarks

Methods  fvem  heavy quark expansion +  soft- coffinar
factemaalon  ( * clour transporency” ) uply

A(B-tph) =

4
SRR P SR
L] y

™

" wld upte Yy comeehrons
( some can be Cavge )

2 exp. tesls  possible

[ 50 for no det et strong phaws can be
ompuied  accatobly ;  oviporlant  ifermalion
from doet CP asymmetnss seon



QCD factorization for B — wm, TK decays

Some ratios of CP-averaged branching fractions are sensitive to <

and |Vyl:

25 50 75 100 125 150 175
7 (deg)

25} 7g+/rge Br{n¥ K*)/Br(x*K")

0 25 50 75 100 125 150 175
7 (deg)

To+/Tgo Br(w* o)/ 2Br(n*x")

0 25 30 75 100 125 150 175
7 (deg)

0

0 25 50 75 100 125 150 175

¥ (deg)

""“-.H Br{r+n~)/Br(x¥K¥)

-------

%35 50 75 10 155 150 175
7 (deg)

0.4

5 7o+ /Tgo Br(x®x) /Br(x*x")

02

0.1

ﬂﬂ 25 S50 75 100 125 150 175

Implies a constraint in the (p, 77) plane.

————
e
T
a

7 (deg)



Global fit to six wm, wK CP-averaged branching fractions (no CP
asymmetries used) with QCD factorization theory; compare with
standard unitarity triangle fit

0.6
0.5
0.4

~ 03
0.2
0.1

------

\ \

i
|
2 04 06

NITYA .
-0.6 -04 -02 0 O.

p

95%, 90% and 68% confidence level contours obtained with the same method
used by Hocker et al. for the standard CKM fit ( region). Green dot:
overall best fit with x2 Jdof =~ 0.55. Only 7 > 0 shown.

[similar fits with different theory input: Hou et al; He et al., Ciuchini et al.]

e consistent with standard fit to meson-antimeson mixing and
| Vaus|, but:

e preference for larger -y and/or smaller | V|

e with more data perform QCD theory consistency checks and
Standard Model tests

Together with |V,3| charmless B decays imply a CP-
violating phase in B decay (as compared to phase of
Viq from mixing)



Resume’ on strong wterachion effecs
BCD colcalations - though probably nat very
precrse - il be necessary and iivalluoble to
witerpret data from fist generalion B faclores
beyord Suiple measurements Cike  Amix (B2%x)

Next twoe years chould be ideesiong :

Bee u.uat‘ﬂ £ 0.4 (Bbar)  —» oyl 2
( Biy-nw) &

A (1K) = (-¢2:18)% -y ¥ 2
( Babar, Clio, Bala ) ?’E@a
2c.

Second qtreratron expenments ( LHCh, BTev)  with

prbbubtg supply enough  deta 4o vy merx and
mot  On  Symmebrits alons

o decisive test  of the KH picdue  but
very Gikdy tos of dixusen on hadronic
Prysics ond  fake new physics signals (2)



How coutd the Ballice commanity contribute?

8 Stoadod UT Gt s now entivdy wi the
honds of fatee GCD
( up to, perhays, V! )

7 Mud harder to make tmipact on nen-
fptence , exclusive decays

o  light-cone destnbubion amplibudes
w padindar  of B meswons

- orm ;u.dors g
E‘ — 4o ossist omplitude
cobenbolons with
Pcﬂurhdbt mebhods

{mr ) (3fqn (g B> ¥
|
‘nidastic Kmﬂmn'g
dominales

Uef. cmionks
ondy dasi tsm,ﬂmrig]



CF i extensions of the SM

Reappraisal of the KM mechanism  (49%3)
predicted thra generodions  on basts  of ey !

predickd vuations betwun CP- wiolatung quanditits
that a priore might have tumed out differend
| &, &, svilp, nothog charm |

KH mechausm now emerges  as the domenant source
of CF at the EW sale ~ a iviumph for

the standard theory [ <f. dachoweak preciston bests )
Probably not the fud wond on (F . Why ?

Sironq CP problam (8:<0)  and
Cosmologial CP problam ol for

e soful
e
Theorelical append of vealiaing the fult ingesal
Powicare’ quoup wi e logranqun =3 ¥ TeN 2

Spontoneous (P (and P)  waladion

EW hefarchy problim requies exiending thy
SM |, but exknsions ofen hae 400 many

new Sources of LF ¢ CP problm




From EW baryogenests to  Bplogensus ...

m Few yeors 00 baryoqenaws ol the  eludrowitak
scals  ( through sphaluen transition)  was
Q. vy attracdive  scenamo

S closdy vlaled to  new F ot
the EW sk

Sine then - *  m > &

o EW phase ivonsition only Cressover (Sn)
or iy fint order  ouer most of
the HSSH  parameler spaca

s Newtnno masses

G masie oo - handd

a  leplogenesis appears nows moe netuwd

i,
pf n \r.d.m:q Vg ey
dua 4o v masy malnx T~ Huiggs

prhlmnhr =>  Baryon number
through Byl woldron ((B-L Conivesd )

G, Baryoqeness velded to Sl Hg~ 024p% gov
decoupled from Qccelarator physies



CF i extensions of the SM

d .
R e Ly rﬂm\ i - m_ﬂ,ﬁu
" a mﬂqw.-ﬂj h.a..ﬁ.iru.ﬂ...w
(waz ) 4 icon.n.-w = N4 Hos m#..aﬂ: EMI.WMH__:
swoyd A ¢y @ _ Axwuuhs 2gn §
X Wou AYRS
swsoq 2 O N4 m W lvpum -wy wwRg PRy
ToTHO n_mﬂﬁmu.
Snonvjued
b ..Mﬁa __M.,_ﬂ ; o, (whs 1) oS
proy -pbu vy 25 @ TeRuaod6bay %mb ppeixg
mwed g swawpwds @
Y pwbop -aompy o«
IND4 STV -Demym ) WOW 207 ngu.f—
-G ybmoay g5 e onaieds by PapwaIXg
nﬁ%ﬁ .&. TPoN - ﬁ“ﬁ,?umw iy _.1..__,,. K



ZF i extensions of the SM

Extended Hf%ﬁ sector (Lg. hso doublits )

CF i the Huggs potentiak
G Higgses withoat definik CP

cF o charged  Higgs wnikeraciions
and  flauour - changng  neubral caments

5'/( o {avour- diagonadl umleracliens  e.g. Rl
spontaneous ¥ (s possibh ;
0 ) . couses CF
wo-d () - (e

een e sumplst exiensionS  causes  Too MUCH
Q‘Fl ( FONCs, EDHs,.. )

E H‘-MT Tllh z T!'.V

or

extra stmciwe ( such as natural [Bavour

conservabion ) / \

no_Spo L’ﬂ". phase.
;’ i.m.f'-"l (‘_'I']qlﬂ:ﬁ, HLT:H.
L doubluks witrackions

+ LS m:._l

ch argd cxvends



Q{S m  extensions of the SM

1) Extended qong sector - Qt{i-n:ghi symuedry

»  attractiee becows gange , parity and P symmebry
may all be spontanscasfy broken

- an OF orgCnades from a swgh Huggs

e

- im small
= V@ (nght- honded chargd cowent)  would
indervena 1N €, i}E but Gss for  B-B mixmng
=2 expect  Small & wn BB muxng
n conbrast to the SM abed ont

5) Extended {ttmfm sector - Y th qunrk‘, SU(z)
stight , veclor- ke | charge A

a  non-gnitary CKM mabuy

v >_+_f_ < mdl‘gltli
\ Yl 7 .
___"'f E‘Er
B 2o s
1 __I'.._(:':l S~ mndi{ats
o 2 B-nK

¥, i

= fare effects on B3 muang and & ' ceaays



(A extensions of Hu SM

Supet symmetry L = fay v Lyg
.T-

Proctially all new soawes of ¥ anee from hew

=>  In Sy (P ouolekon 5 closdy onmackd 1o the
Eln.t::l[un of U bwaking

Genenc  effects :
Faoour- dingonal A =5 farge  elichc dipott moments
_fjf*“ a targe u_SllS? ma sses
v B small CP phaes

Strang FCNC *.l'lfoﬂ.gh quark- squark- gh.uﬁn wer

E
ff'!i 5 lavge  SUSY masses
g > guark- squark align.m&
/ ] degowacy  ( supe - GIH )
Ju'.q\i' ons beainds . of bmyg qust  sakesfud,
edtst, but e, € tun nuad  Small  phases
may not be  Conmacled for €
o Sun bat 4o
SUSY
pasts == Eutae E.gg;ds n

B dnm_-fs aw p:.'ss{,bfn_



Sammary :

 3f SUSY exish ned to undendand  SYEY
to  undeniond why SUSY CP wolation
(s small

®  Most other extensions of the SH haw
naturally too much OF

Swice We nfow  know that (P s net  (n qenamd)
an approximale symmelry ,  this Torss o

CP  problm

(G Study of pf may probe. / constraun
addchoonal theory stmuctunt of

extensions of the SM



Conclusion

Important (and expected) observation of large CP viola-
tion in B decays together with €' /e and the consistency
of indirect determinations of the unitarity triangle imply

a) KM mechanism of CPV in charged currents is likely
the dominant source of CPV at the electroweak scale

b) Large asymmetry excludes the idea of approximate
CP symmetry

. CPV beyond the Standard Model:

a) CP and electroweak symmetry breaking provide com-
plementary motivations to search for extensions of
the SM, but:

b) no favoured candidate model for CPV beyond the
SM - CP problem in many conventional extensions

c) baryogenesis mechanism probably decoupled from
CPV observable at accelerators

Expectations for the near future:

a) AMp, =~ 17.5ps™" to consolidate la)

b) CP asymmetry in By(t) = wtn~, ®K as further
consistency tests

c) Precise branching fractions and direct CP asymme-
tries in many charmless decay modes.



