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Not intended to be incluse:

Hope to be povocatiwe, insightful.

Will rush through the boring but&quired review.
Missing manreferences (ran out of time)




A The CKM Matrix '

T (it Is not just a triangle)

u="2c%
Diagonalize quark mass termy lunitary transbrmations  t

G !'yUr+ B 'pDr — U (M, 'uVy, )Ur +DL(Vp 'pVp, )DR
Charged curent

U #Dr! U #(Vy, Vp D1, Ve = Vg, Vp,

Vu d Vu S Vu b
Vexkm = | Ved Vs Veb
Vid Vis  Vib

I CKM is invitableThe question is not whether CKM is cuect.
It has to be thee.
I The question igs it sufbcient?



Wolfenstein parametrization

1" 5N \ AN(@" i9).
Verm ! " A1+ iA%)4g) 1" I AN %+ 0.
AN(1" g" ig) " AN(1+ iNg) 1

|  Al'?2  determined to~2%,

v and '@ to:

8K
(0
: sol. w/ cos 2B <0
-1 - (excl. at CL>0.95) I
: fitter v
| EPSO05+CDF :
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Sides determination

(Circles in plane)

1.|Vid| (Ba/Bs mixing)
2. Vubl (B — Xu " )e Inclusie+Exclusie
| More emphasis on exclugly
3. Vcbl (B — X !" )47 (tend to get neglected)
. : : V,
|Ven| @alnCa circle. Needed br extraction of |V| b‘it/’l I
C us

Simila, |Vud (K = #e" ) neededbut not covered heee.

And,of course should checkest (like magical-2% peecision
In exclusie D decys).

Won®give a compendium of latesumbers (quote ont when tension)



CDF Run Il Preliminary
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CDF Run Il Preliminary L=1.0fb"
o 30 _CDF Run Il Preliminary L=1.0fb 230* — combined
§ 25; ine 8" L —— hadronic
1§ 20; j 20: —— semileptonic
£ 15F [
2 10f- 10}
5F [
of
SE Vs
10f r
-15f -10[-
T R R R S R \—/
I'mg [ps'l] “““““““““““““““
15 16 17 18 19 20
'mg [ps]
| 2
l mg Mg, 2 _ Be.Tg,
S 2
l mg mg, Be,fg,
101l belie a 3% lattice theor error when the lattice has
produced one successfulgaiction and seeral 3% postdictions
+0.047 However, here the calculation isaally of $—1, and the eror is 16%
—0.035 Chiral-PT gigs ony chiral logsso eror in $—1! 0.3 is 100%

= 0.2060+ 0.0007(exp)™ ooes

(th eory)

Rating:Experiment %% %%

Theory %

(it® a factor ofl0 behind experiment and oplone method)



‘Vcb

di'(B — X ")
dxdy

In full QCD rate gien in terms of bur parameters:

INnclusie - moments

well knovn

= |Vcb|2f (X1 y)

drops out of normalized momen

Get [Vep| from rate/ 98 o8 1 12 14

BR M2
Problem:cantyet f(x,y) in QCD ot

SolutionUse 1/my expansion (i€ /my) : \

L3+ ... : !

I'op+ 11+ I's+

08 ap I 2 14

J[- J[, J[, l DIIMIII SEasasases s ~.,1,=3 e

mp A Tios, pr € Ptthese too "

Error: 2% Understand without magic:
use last term used in expansion to estimate

1.8

Goa?, asAqen/ms, (Agep/ms)?

0.Ia

.1

{oes



Ve exclusie

e (Good to confirm inclusive

e HQET-inspired parametrization

dl'(B — D*{v) Gfmﬂ 3 . 5 5
= T C(1—r) Vw?—1(w+1)
dw 1-2wr.+ 72 2
R (1—r,)? [Ve|* 7% (w)
dI'(B — D{v) Gim3, 3

dw AR (1 T T:] E:wz — 133“& |Vcb|2_?:g[w}

e 7, F.: combination of form factors of V — A
e At lowest order in HQET F(1) =F.(1) =1
e Luke's Theorem: F.(1) — 1= O(Aqcp/m:)? (get from lattice)

e Measure at w>1, extrapolate
e Extrapolation uncertainty reduced by theory/dispersion relations



OGood to conbrm inclug® ??

|Vcb| = 376+ 0.3+ 1.3+ 151 10' 3 Exclusive (BABAR Phys.Rev.D74:092004,2006)
|Vcb| = 416+0.6! 1073 Inclusive (PDG)

Form factor tension with theoy?

theory experiment
Ri(w) = 125! 0.10(w! 1) R, = 1.396+ 0.060+ 0.035+ 0.027
Ry(w) = 0.81+0.09w! 1) R, = 0.885+ 0.040+ 0.022+ 0.017

And,whatever hgppened to poblem with slopes (D* vs D)?

pr—p% = 0.203+0.053€ — 0.013 55 + 0.0757(1) + 0.147/(1) N
eory
+1.0x2(1) —3.0x5(1) — 0.018 A; /GeV? ~ 0.19
px—p= =~ —0.2240.20 experiment

Opportunity for lattice to show they can postdict quantities to 3%
and pedict slope di#rence to 3%.
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What dominates? Consistency?

e — 07 —
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IS |Min] too large?



Partial Branching Fraction (10 * 7100 MeV)

Vup| INClusie

n*
-
B — X!
| |
T B.B.:
—_ 7 preliminary
Tt
T
-
e 1]
] ]
2 2.2 2.4 2.6 2.8

Reconstructed E*, (GeV)

m%{ ~ mp\
~ +
PX > PX

gpologies to |.S

, |factorization
SCET
B — X, ev l
+ . charm
- X contamination
Mg |
6t | annihilation

4
2 f
0

SCET
region

not fully inclusie

need non-perfrom exp




the problem is non-unersal more gpologies to 1.8,
sub-leading sip& functions

% (2) (triple differential spectra)
- 2
hilnep) : as(mp)

1

Bt ¥y ,
2my, j: (ep &t pd Jo o\ )
2- ) P o
* L — f dk™ .f.-irI -:'n'r-,'.-l:."_lllg': I|'_- I._:' Ert ol
m— TMih [V
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I_Zt iy f 1 2 g (P E @) fa ; i)

B ,rf

I |,-.-._-.:i + + i iy . g v e lB] fad ) :
,.Z; fiep ffﬂf] dk! EurH ol 'r"-'-"hl_' v Ty I'rl_' T L)

N S Px | )
- dk™ T {f-pk™ u) gy (BT + 17, )
Ty i}

- fdk" dkf Jazs (-pk) . pm) gt (k) + v, u)
ﬂ'.l J F

J E i .[dkl diy diy T, AT Koy 1) Oy '.-'-'_ )

+

+
M-
3

drog —
mpy mp

T , (1) (1)
— "fdi:}'d.‘:."'dk.; [F Akl ) o (K + 1, ) Jo Li; Ly Jio

- -
Ye(kE + )] ; *.
> fdaldzz f e 7 (k++5-p)

R
i ' - dk™ T.° : kY4 A=pT)
+ E — L = k*) 1O & pt)

e model these subleading
Lf“’* f d™ T (1, px B7) SO +A-p5) shape functions to
oW .r,-:'__1*u g + W10 o) £ WPV A1) get uncertainties

01

s

e

+ phase space & kinematic corrections (& interpolate to local OPE)



'Vup| Inclusie brown muck

¥ #($" my)*"/ my Obrick wallO

¥ numerics#4$" my)*"/ myat leasts5% but there are
~10 terms so guesstimat®10)*5% = 15%

¥sha)e function bt dependencaoid by using Lelbach,

Low, and Rothsteimyut slighty larger erors
(why do we still use parametrized pPts???)

¥ subleading-sipe functions | ... 0 npie
v' T Global fit Inclusive ~
¥ d a-ta. 100 -
o r \\ N Y Global
20 L1 1 /P IR R 1 Vub

325 350 375 4, OO 425 450 475



Vug exclusie . s

unquenched £/
e
~ L3 f.(q") HPQCD
¥ Br(exp) to 8% shouldri@ve have [Vup| to 4%7? (@ HRD
1| ® f,(q") Fermilab/MILC
¥ Normalization of 6rm factor ¢(0)) from B—D# (SCET)? | |4 L@
05 .
¥ Will never be better than 10% accurate ]

¥ Form factors flom lattice:.can we trust the lattice to éw per—cént?
¥ Need a umber of successful lattice glictions (vs postdictions)

¥ Eentual ageement betveen lattice goups with full dynamicag¢fmions is
not enough (need dégfent methods too) s

165 aa2 Rate is smaller
¥ Lattice on} atg? > 16 Ge\2. Need either :'

at large q2

121
¥ high pecision experimenat g2 > 16 Ge\? osl /
where rate is smallest {(&n though ff is largest) b
¥ theory of shae of brm factor I T U
0 5 10 15 20 259

¥ models?
¥ QCD sum rulesuncontrolled,not good to few %

¥ dispersion elations



Dispersion elations + lattice

08 (1-§%)f,(a?)

0.6 -

ChPTpt. |
-\H\-\i ]

Lattice points

SCET pt.
04 -
0218 — with SCET point
r — — — without SCET point
U.[]-I|||||||||| P T S S S I T S N N N T

15 20 25
qZ

L]

Type of Error Variation From 0| Vi |?
Input Points  1-o correlated errors | +13%
Bounds F. versus F_ < 1%
mpe'e 4.88 £ 0.40 <1%
OPE order 2 loop — 1 loop < 1%

— with SCET point
— — — without SCET point

“5 IIU 15I 20””

expt. &
theory

10°% | V| = 3.72 £ 0.52
10°x |V | = 4.11 £ 0.52

x*/(dof) ~ 1.0

FNAL
HPQCD

Emor in Vyp Is ~13% (ot 4% experimental)



ChallengelNeed third method!

One idea oyt thee:double,ratios.
Example oOdouble ratio:O

e SU(3) flavor symmetry =
=1 and =1

¢ Heavy Quark Flavor Symmetry =

JB. _ [Me and /o _ | [
fp. y fp my
e Ratio of ratios® (“double ratio”)
_ . 1 1
R, = — fﬁ'”fffu'“ =140 (Tns ( -
f/fo M. M

Eroris ~5%



This Is a v

Unknowvn Known! cieo o HI !
something v dontknow Q2 ! o = c0S 6
that we know . 8 L .

(although ve probaby don©
not know it well enoughyet)

1. Measure, for g2 above charmonium resonance region

dF[E — peujqug Vi 2 Bp? 1 2 |H;.~E_"S'{Q"'EH2
d['(B — K*£+£-)/dg? |V Vii? a2 |CST(1+6(g%))|2 + |Crol? 3oy [HE—E" (¢2))2

Measure decays spectra for ) — pfir and D — K*{v
3. Express all as functions of y = Ey /my (V = p, K™*)
4. Use double-ratio. Let
BE— -
_ 2o [ H,y, “(y)]?
Zl |Hf_'j{- @”2

bJ

D— -
BN TS Ol

Rp_.v(y)

then

Rp_.v(y) =Rp_v(y) (1 + ﬂ(ms{?; — ?; }})

Given N g(g?) = |C§T (1 + 6(q?))|? + |C10|? obtain |V, % /|Vip Vit |?

on

Know how to do this.Not known (not done).



Fourth method:

Br(Bu! !'")" |Vil*fs,

BB*! 77u) = (088 $3(dtat.) + 0.11(syst.)) $ 10 4, BaBar

Can you trust the lattice ér fg ?

T Consiainc o v andam, | Could also use double ratio her(method 4.5)
-1 -0.5 0 065 1 15 2
NCIRED.

| “
I'(Bs! #) | fBu/f B s i |Vub|2

forr fouffo. MeVol

Not an unknavn known (yet!):

2 Vil ] {m{mtj }‘“E’

. st~y —2c&5.10-2 T{Bs}]F Fg,
Br(B, — p"u") =35-10 [ 10.040] |170GeV

16ps | | 210 MeV

Br(Bs! ptp' )< 23" 100®  (CDF)



Fifth method??: ﬂ
Br(Bu! 1) L f2 Nwl g [ *

| 2 -0.25 \ ]

Br(Bqg! ptu') 3, [ViaVal |
(Almost) no hadonic uncetainty! T p N
(use ony isospin symme) I my

By! !"

— Bl X
Unusual cicle (centeed at ~ ( 0.2,0)radius ~ 0.5) Bg! pty

A challengedr experiment (seems impossible)

Sixth method????:

0
Wrong charm degss @d,s — B"X (bg — ue)
(not unlike DCSD? decgs in theD’ mixing case):

-Exclusie:interesting connection td34,s mixing matrix elements (lattice chec
-Inclusie:challengedr experiment?



As It hgpens
| often hear ,
OWe know [Vup| to 4% .O

Which reminds me of ...



Happenings

You're going to be told lots of things.
You get told things every day that don't happen.

It doesn't seem to bother people, they don'tN
It's printed in the press.

The world thinks all these things happen.
They never happened.

Everyone's so eager to get the story
Before In fact the story's there

That the world is constantly being fed
Things that haven't happened.

All | can tell you is,
It hasn't happened.
It's going to happen.

Donald RumsfeldNFeb. 28, 2003, DoD briebng



Angles determination
#fromB# %%, '%"™

¥ Two empirical obsevations in™ : Si+1 = sin2(1 + 1 1)]
¥ Longitudianl polarization (CR/en) dominates
¥ Small neutral rateB(B " $°$°) = (1.16+ 0.46)# 10' ® | small A!

B(B—> B(B" ! | ) _
B(B— e O) 023 004 VS B(B" |+|0) OOGi 003

¥ All three modes impadant
¥ Bebre 2006™ dominated

- Em Bl 1
¥ Efects of bnite with of can be constrained ™|~ 78! ! e £ Combiec
with more data rak et a ' 2 NI T R

3 °%
¥ All measuements combined: % os
0.4

= (93T191 )

60 80 100 120 140 160 180

# (deq)



&from B*# DK*

¥ Tree leel:interference betveen Cabibbo-allwed and
suppessed deos
b—>C(B_—>DOK_) b! U(B! ! SOK!)

¥ Need decg of D°,D°! same Pnal state
¥ Determine decy amplitudes fsm data
¥ Sensitivity drign by rp = |[A(B' | D°K')/A(B' !

¥ Results vay depending on which

DOK')|" 0.1# 0.2

T ‘ L ‘ T T T 1T ‘ T T ‘ T ‘ ]
.- DWK® GLW + ADS .

--- D¥K® GGSZ =1 Combined -

I Full frequentist treatment on MC basis

“ A}
CKM fit ™

Moo
no! meas. in fit* -~ ~-~-- .

\s
.~ E
I IR e 2 U AR

D deca mode [ .
l L
¥ Comparable esults Lol
é) 0.6
¥ Need more dataall measuements b
combined gig e
. - 02+ +
) ! 24 O0 20 40

60

80 100 120 140 160 180
(deg)



Are there anomalies,
i.e., hints of New Plysics?

¥ CPVinb# s
¥ “B# K%puzzl®



sin(2!

Is there an anoma&lin CPV inb # s?

" eff
in(2"7") S

)! s

PRELIMINARY

b* ccs _ World Average H £ 0.6840.03
| BaBar———— | -'Emmm"'f._d._1'é'§_?6'.é'1'£'d.'1_6"
X Belle | 0.50+0.21+0.06

" Average i * : 0.39+0.18
. _ BaBar = x| 05540114002
X Belle . 0.64+0.10+0.04
* Average * ' 0.59 £ 0.08
Y BaBar L — Ml 06640264008
& Belle % ! 0.30+0.32+0.08
| Average ik 1 051021
" BaBar * . 0.33+0.26+0.04

x> Belle — | 0.33+0.35+0.08
@ Average | * ' 0.33 +0.21
S wBaBar __________________ S ey
ié Beue——*— © 0.11+0.46 £ 0.07
Average ; k- 0.48 +0.24
g _______________________ N S
< Belle —k } 0.18£0.23£0.11
- Average 0.42+0.17
. BaBarQ2Bi  ~ '-'Ef._'_'_b_é{{3é'd_1'é'l6'6'7_¥6'1_1m
v Belle o 0.68+0.15+0.03 42

X Average i : et . 058+0.13702

0O 02 04 06 08 1

¥ Amplitude with one veak phase dominates
$ theoreticaly clean

¥ Loop induceds good sensitivity to nev
physics

¥ SM, (f= bnal state)
0< S ! Syk. <005 Cf=!A; <005

[Buchalla et aBenele; Williamson & Zupan]

¥ New Plysicscan enter & mainy in mixing,
but Sin mixing and dega(can bef dependent)

¥ Is this NP?7® address this letCassume it is no
a RBuctuation



Let®review the theory:

@7
mosty from AZ 4—8
i1 = 70
A=¢e at+e kL
about equal
| 14 (f.sil)
A= e_l! a+e' L how big?
phaseé
Assumeb << g and expand to linear aler in |b/q|
St = sin(2!) + " S Ci = 0+ 0G5
1S = 2sin(" | #)Re e 2 b b

Re Gy = 2sin(" ! #)im

Q |

P

Sqeg,for f=&Ks
Can this be -0.1

. b b &
1St = 2sin(") cos(2)Re - ~ 1.5Re - ghe ortake 0.17

$ Must understand f.g




Calculations done using largs
expansion (as in SCEJCDfac, pQCD, etc,
l.e., Ohad rescatteringO) Pnd small f.s.I.

By using ery general and ell establishedefatures of soft stong
Interactions it has been sk (contrary to largems expansion
expectations)that [Donoghue et ald96]

1.Soft FSI do not diggear or largems

2.Inelastic e-scattering Is expected to be the main soeirof soft
FSI phases

3.FSI which intezhange charge and/or\eas are suppessed g a
power of mp, but are quite lilely to be signibcant atz &5 GeV




Estimating f.suising measd cross sections gev

¥ efiects of oder 10-20%gasiy
¥ phases can be large(1)

¥forB# K' (the otherOpuzzleO) S
direct CP asymmetrA " 0.2 well possible

and the boundsin®~! R R= !!(<Bsdi!! W;iKrf))
could easit be violatedsin*! ! 1.2R
¥'dem for B #" [Wolfenstein &Vu,005]

¥there is no (unambiguous) signal of new physics
¥ nothing if ony isospin used in arysis
¥ puzzles arise oplwhen aditional
dynamical inputs used



So nav what???
(Have FPCP pysicists
beentoo successful?)



What can ve exclude?
This should dictate some of theagls In this Peld.
For example:

I 1.Fourth generation?
I More general is the CKM unitay?

2.New CP violating interactions?
' Needed or lepto/baryo-genesis

3.0ther new Interactions?
| Paticulary those elated to EWSB (€V scale)

LHC < focus on #3



Can we exclude/limit ne/ TeV plysics?

Q: how precise do ve needVcw to distinguish CKM
from new physics afleV scale?

Example:B; mixing

M= MZ" (1+ h, e )

180 —

[Ligeti et al]

160 —
140

120

,,100—

80 —
60 —
40 —

20—

0

Is there Oa lot of oomO ér new physics?
After all,this is|As|< 40%0ish



Address same questiommore generayl:

(How precisey do we needVckwm to distinguish CKM fsm
new physics afleV scale?)

Ans1:
A= Asy + Anew

g . 1

need oughy, at least

I(CKM) 1 1/A2 1 2 10/,,: 0.03 ~ 10Tev
CKM = CKM ¢2/MZ, CKM AZ =  CKM A

nota beneif the NP is veakl/ coupledexpect m ~ ( /4
so even in weaky coupled case ware takingm ~ 1 TeV




Ans 2. Use pocess which a at least one EWoop in SM,
e.g., Flavor Changing Neutral Cuents (FCNC)

Restate anser #1:

determination of CKM though SM-tee lesel process
does not get N&v Physics contamination (to 1% accurac

Now
| 9° . 1
| ~
ASM . 4" S|n2 #w M‘%V CKM ANeW | >
| (CKM 1 11 2 0.03 10 TeV \
KM & . ~400%><(—>( e)
CKM CKM " / (4# sin® $,, )(L/V 2) CKM !

Don®even need ~10% (&e level) determination of CKMs to be sensiiv
to new physics fom 10TeV scaleif we use FCNCs as pbes!!




Againgxample:B4s mixing 160

SM 2i 1 140%

M12 — M12 (1 -+ hde d) EZ:

2 60E

| mSM = S et 2B m2 S(x)[Via Vb |>? =
. d 6! 2 B B B B W t td tb 20; My, = M182M (1+ hse27',! S)

Now suppose w adl to the SM a NevPlysics interaction
which at lawv energies is

1
Hnp = I—Zﬂ_V”bL & YubL
Estimate: :
1 2
= 5TeV 1 5TeV
l | ¢ l l
hg ! ,2 A2|6. ( ! >A2!6.1O4< >
Possibilities:

-ridiculous cancellations amongveeal NP contributions
-large scalé (sa," ~1000TeV)

-bnd a eason &r coefbcient of NP to includd?' ¢



So what do ve learn fom measuriny/ckm precisey?
Examine the possibilities

¥Yidiculous cancellations amongveeal NP contributions
¥a moving target
¥not pleasing theaticaly
Myet farored by some model builders \

QlLIQV
¥arge scal¢ (sa," ~1000TeV) TechniColor
¥a solutionput hopeless = with

¥nothing at LHC? iii

¥Dnd a eason ér coefbcient of NP to includd?' ¢
¥es:Minimal Fleor Violation (MFV)

¥gi\es well dePned guestionsgrget \

SUSY

§AE|SG7 (gauge mediated)

with 1+ TeV m©




So what i1Is MFV?

Symmety Principle whichesults In
the coefbcient€ (in Her) Include automatic CKM
suppession in FCNGO

¥ Quark sector in SMn absence of masses has largeRa
(global) symmefr: Gg = SU(3)3 x U(1)?

¥ In SMthis symmety is ony broken by Yukava interactions,
parametrized BpYukava couplingsy and' p

¥ Premise of MF\This is theunique souce of Raor breaking
¥ New interactions beakingGr must transbrm asYukava®

¥ When ging to mass eigenstate basi$mixing is
parametrized i CKM and GIM is automatic



Againpack to exampleBs mixing 160

140

| ! 120
M12 — M]_SZM (1 —I_ hd€2|. d) mlOOé
| | 1
Now the NP interaction Hyp = & WoL 8 bl -
! zo—i Mo = M]_SZM (1+ hgez" 5)
which gies 000.511.5h522.533'.5
1 2
_— 5TeV
hg! — % | 104( )
9" AZ216 !
m2my,
With MFV this
is replaced i
H " 211"2
H -1 v, v 8! “br 8! b
| qg=u,c,t
which gies
4
1 A2 6M; $5
I ARLVE ~ 5TeV
d: g4 A2l 6 |
| 2m2 .




digression
A comment onD’D’ mixing

plagiarized tim
I " Nir hepph/0703235
G 2 1+ Arzn(y/X)Z Cuccini et alhepph/0703204

D2 —

¥ Use Belle esult to constraintx| < 0.015 (95%CL) (Nir)

IM5| < 1.2# 10 ** MeV (CP conservation),

IMD| <, 22x 10 * MeVv (CP violation),

¥ SUSYrequires \ery high leel of degeneracy bew®en up-squarks
¥ Baring cancellationglluino & up-squark massksver bound ~2 TeV

‘m<6uwz>u
‘m<6uwz>m
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MFV Bounds oti (99% CL)

¥ One operator at a time

¥ c=1

¥ circa 2002little changedon©®expect nuch
(best chance ihl and™ modes)

[G.DOAmIrsig, et al., Nucl. Plys.B645, 155(2002)]

Minimally 3avour violating main A [TeV]

dimensionsix operator observables — +

Og= (@A Avuar)? e, Amp, 6.4 5.0
Op1= HT, BADA N 0w qr El B — Xy 9.3 124
Oci= H' &ApIpA\,ou T G B — Xy 26 35
O = (@A vuqr)(Bry.Lr) B— (X)) K —nve (n)tP |31 27
O = (@AM Y.T%L)( 8Ly, m*Lr) B — (X)(B K — nve (n)(f |34 3.0
Om = (@A A yuq)(HTiD, H) B— (X)) K —nve (x)lP |16 16

Ops = (@AM 7.q0)(Bryudr)

A modest poposal:

B — Kn, ¢€le,... ~1

The nav aim of FPCP should be to exclutkel0 TeV




Here Is wly this Is ery interesting:

H s 2

1 , m2
Hyp = ) quVq'S% g ! “brgr! by €—> Hyp = lizm_ M B Y uL
] q=u,c,t ’
|f
"<10 TeV Is excluded
and

MFV Is the mechanism sussing FCNC

then expect

"<10 TeV excluded alsmf Ravor consewing NP

NP found at LHC (een,sa, as anomalous higgs W couplings)
would suggest the scale of FP is lafg&000 TeV



Roadma

FPCP
Ridiculous FP at MFV with
cancellations @ A>1000TeV N~5TeV
LHC In Only Flaor No LHC| 'Sort out
business! Consewning reach FPCP

Interactions at LHC \

/\ Longing

techni-' Higgs for the
?2? properties” SSCIEE

A4




MFV and GUTSs

¥ Lepton and quarkukavas elated in GUTs

¥Natura| to extend MFV principle to include
lepton sector

¥ New interactions in H can include leptons
even be puely leptonic

¥Lepton Flgsor Violation (LFV) in charged
leptons pedicted at obsevable leels
(10°°larger than SM)



guick example (prbaby out of time by now):

Loy, 1 e & p!oe

v T n !
| Lo :Weh[cl!e!l!l ool LI+ cgiuijj!d} i e Fy,

from RH neutrino masses

Generalizes Barbieri-Hall (SUSYT)

. C = Vg, Vg
New mixing structues T
G — Ve|_ VdR
Independent oM-
Hierarchical L § ! 2(m-/v), (" —p)
TLoxg P(mefv), (= e)
Largefor " =10TeV v2 @LI'S( T/ )’ ( |
Br(p! ey)" 10712 A e
™ - A (! = 0.22)
within reach A 5
of MEG COBRA(Constant Bending Radius Speuteter) ':J f

M - LS
. = "1
[}



review:

No new sources of FCNC:
—either no nav Plysics
or MFV at" ~ 10TeV

The lesson of 208ars

of B ptysics (plus K/D

+—>MF
New physics at' ~ 10TeV
for hierarchy (v/Mp))
GUTs: v
unibcation of couplings=—— MFVGUTS
fermion rultiplets l

LFV will be seen at MEG/PRIV




Conclusions

¥ FP and CP pfisics in god shae, but room for improvement
¥ Sidesneed betterVyp, other methods
¥ Anglesneed betterx and a lot better& (but not clear what gu gain)

¥ No NP yet
¥ New Aim:rule out" < 10TeV MFV

M¥MFV same type of insight as GIM 2&us ag.

¥Ties FPCP to LHC jgram

¥Dhistinct possibilitysuggested ém FPCP:
*NP @ LHC (if ay) is 3&or blind

¥ Need CKM determination + raz (i.e., SM1-EW-loop) processes todw %
¥MFV with GUTconnects with LFV (whick FP)# MEG & PRIME



In 20 \ears:

¥ theVLHC and NILC will begin to study the ne
physics at" ~ 10TeV (mgbe sooner" ~ M/Q)

¥we will hare FPCP meetingsiostly discussing
CPV In neutrino interactions
(but we will still hare talks on SCEpPQCD and
QCD factorization)

¥ we will be entering the era of gcision
measuement of LFV pocessesgstablishing
patternse.g.,
l —ege.! —epge.! —eguU.! - uge:.! — ugl . U — e\e
and we will begin to sor out MFVGUTSs




The End

A Confession

Once Iin a while,

I'm standing here, doing something.
And | think,

"What in the world am | doing here?"
It's a big surprise.

Donald Rumsfeld
NMay 16, 2001, interview with the New York Times



The Unknown

As we know,

There are known knowns.

There are things we know we know.
We also know

There are known unknowns.

That Is to say

We know there are some things
We do not know.

But there are also unknown unknowns,
The ones we don't know

We don't know.

Donald Rumsfeld
NFeb. 12, 2002, Department of Defense news briebng



