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Motivation for another replication of

fermions

Relax tension with m, direct lower bound

2 new CP violating Phases for electroweak

baruyogenesis [c. X
3 g [G.Hou] 'n,B/825><10 10

Large Yukawa couplings of new fermions -

Possible clgnamical explanation of EWSBH

Neutrinos are heavier than LA
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> 90 GeV

Bounds clepend on Partial BR’s, thus on
CKM, PMNS
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Framework

l:ourth generation masses run as 300 GeV < my, my < 600 GeV
Higgs mass fixed at 117 GeV at 100 GeV < m,/, my < 600 GeV
this stage. T T

Higher values are Pemcectlg Possible but without Direct lowcr ]:)ouncls

, Aot I o Yukawa couPlings
lmprovemen N .- OVEiE) agreemen wit From LER TevatrOﬂ) LHC

el Perturbativitg
CKM matrix contains 3 new angles and 2 new Phases
LA%/2 A AX(p—in)  AX(p1 —im)
—A 1 — )\2/2 14)\2 A)\2(,02 = 2772) O )\3
AN (1 — p —in) —AN? 1 — A%p32)2/2 Aps A Rl
AN (p1 — po — i +im2)  —AN(p2 + i12) —Apz )\ 1— (Ap3)°X?/2

Cabibbo angle power counting inspired bg %3 unitaritg measurements

Vi |2 = 1 = [Vial? = [Vis|?> = [Vin|> = 0.00001 + 0.0011,
Verrle = 1= Vo 2|V Vol =550:002 £ 01027,
[V el il 2 Vis| = 0.88 +0.07.
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Oblique Parameters:

fermions in gauge boson sehc—-energies

effect of heavg

Electroweak Precision observables

Coven — ( 0-0081  0.006264
ST = 10.006264 0.0064

BT from Erler, Langacker]

2 TN+ MLor
S = [1— bln s i ]
3 My My
. 02
o= m2/ m2/ — (Vi 2F m2/,m2/
4 167T33w(1—$w)m22 [ =T g | tb’ T( : b)] p3=0.355
1 2 2 D 2 o) Am;=-90 GeV
+ Mot T s B () 5 £
Loma, Eh=—ta e a7 = r(m,, my)] =
Uy >~ 0 (Peskin, Takeuchi; Lenz; Chanowitz) |
N
/2x=1— A“psA°/2 R
0.0 . mgp= ev,
SM m; =145 GeV
% SNEN. | ~0.1
B Preferred small
P-4 mixing (V.1 | | | | | | |
Y g< tb) 7 T ol e Wl VB ] e ol T R S | o
LR T
—60 -40 =20 0 20 40 o0
Amy(GeV) /2 & Aol e A (o)
; 2.5 —A 1—X%/2 A\ AN —1
Points are inside the 20 contour iy s _A/\g/ |~ A2),202/2 %23)\“72)

in the S-T P!ane

AN3(p1 — po — i1 + i)

= S -

4]..

— AN (p2 4 i) —ApsA 1 — (Ap3)?X?/2
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Electroweak Precision observables

( )

Ry, =T(Z — bb) /T(Z — hadrons)

[(Z — bb) = #mz (1 + &) (Bernabeu; Yanir)
N = it (2 e i + 0.2)%|Vis|”
b it G S

Probes 3-4 mixing and my, p5 must not be

too large

( ;

not EWFP per-se but direc’clg Probes P,

VR e i ) Vip, = 0.88 £ 0.07

: ; 300 350 400 450 3500 3550 600
Requires ps not too small. (p5=0is170 m,(GeV)

away From the central Value)
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Meson mixing observables

Probe of CKM and individual c]uar|< mass scales.

A A AN (p—in)  AX(p1 —im) \ A,
£ a2 b AN AX2(py — inp) ®
AN (1 — p —in) —AN? 1 — A%p32)2/2 Aps A (M)
AX(p1 — po — i +im2)  —AN(p2 + i12) —Apz 1— (Ap3)?X?/2 2

€K Am, sin28;, Amyg sin2p \ /

(mar) < CEWP

K and B mixing observables are sensitive to my.

"' Theoretica”y reliable, S

2 mB, | 1(VisVes)*So(@e) + e (Vers Vi, ) So(@e) + 2ner Vis Vi Virs Vir o So (2, 1)
“mp, |n:(VasV5)2S0(zs) + ne (Ve Virg)2So(ze) + 2ner Vas Vi Vers Vit 4 So (e, /)

_ Amg

2 ZS?TLj

exp

D mixing is sensitive to my,, however) difficult to assign statistical signhcicance
of measured mass splitting due to poor theoretical knowledge of long

distance Phgsics.
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A global VIEW

m’c’, mb’) mleptons, p5

\Direct lower/

bounds on mg,
CKM?

measurements

l

mi,, KN

mt’
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Global it

To quanth(y the imPact of meson mixing observables.
Similar analgses done 139 [Alok 2010; Lenz 2010]

Observables <]§> S e (1 o A A S e ) and/or driven bg P

ity — 02206 =)0,
Vie = 0.88 = 0.07

(Vud o Vub) Tree-level cluantities, Primarilg

Vea Ves Ve sensitive to CKM3 (PDG values)
€Fc; Sin 203 FCNC observables, very sensitive |
Am Al

to new CKM Parameters

Write down Gaussian X2 for each observable as [o (g) ~Oexp . O'CXPZ

Mass splitting in charm sector is treated as a “kinematical” constraint

Note that factor “HES arbitrargj

LD,b’ b’ b’ P
0 n el e L B eSS E P M < 3|0
12 12 |
| 12’D| | 12,D but conservative.

[Lenz; G_olow_ich] ;
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Global fit Parameters

Moclel Parame’ters (13): My, My, My, My A A pymy p123, M2

Theoretical (nuisance) parameters:

Y%= 1-43(23> [Herrlich, Nierste]
Net = 0.496(47) [Brod, Gorbahn]
= (),5765(65) [Buras, Jamin, Weisz]
BK — 0.725(26) [latticeaverages.com] nB = 0.55(1)
= 156.1(8) MeV § = 1-237(32) [latticeaverages.com]
Bl 020) [Buras, Guadagnoli s (B = 2 C0) MY, SR T e et

Theoretical Parameters Freelg slide within their allowed ranges and do not
contribute to X2. Similar to CKMFitter’s RFit, except that we do not add statistical

ErEer tails. (Preliminarg)

D mixing theoretical Parameters’ errors are irrelevant when comparecl to

arbitrariness in interl:)retation of the experimental Amp.
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lnterl:)retation of fit results

1. Global minimum of X2, X2...., determines the overall qualitg of the fit

Npor = 1D-1h=2 clegrees of freedom

Assumption of Parabolic

2 (Gaussian) behavior
XnDOF:2 S 2.3 lo B
around minimum. To
<& 0 20 , g
<118 P improve, eSOt 0. N -aR

determine confidence levels

Pseudoexperimenta”g.

2. Assuming model is correct, we find allowed range of its model

parameter “uy” bg considering
AX*(yy) = MiNg2, 3, ) IX*(y )ﬂzam)"szin]

AX?* (}jx> at “best” value of y;is O,
N-O region = AX2(y1) < N2}

- - = —_— = = —— - e —_—
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Global minimum
(Preliminarg)

Npor =2

X2 =8.60 < > 250 Huctuation (P-value =1.4%)
el g o s ]~89 + ]54'6 e Signhcicance of fluctuation is
V;gb Rb VCS oF : S, expec’cecl to decrease once we
include additional observables.
my ~ 325 GeV A =~ 022805 p1 ~ 0.3
m, ~ 100 GeV p~0.14 p2 ~ —0.1
my ~ 190 GeV n ~ 0.40 n2 ~ 0.3

D3~ 0.3

11
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MaSS SPI ittiﬂgs (see also Lenz’s talk)

4+th generation doublets
can both be clegenerate

Weaklg PreFerrecl
mp = my,

ﬂﬂt;:> rnkf

Equa”g Possible

my => mp W

1.0¢
08
— 0.6
04A
0.2

O
3.

mp ~> mp W

Much broader range than the
commonlg used oPtimal Point,
without taking into account CKM
angles

myr — My = 30 — 60 GeV

mt/ =3 mb/ =Y 50 GeV [Krlbs,zooﬂ
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CKM elements Preclictions

0.986 0.988 0.990 0.992 0.994 0.996 0.998
[Vinl

1 — (Ap3r)?/2

Expansion of CKM stable.

0005 002, e 0 e 06 T 003
|Vt’s|

AN (pa + in2)

lmportant ?or direct searches

t -> q W. [Flacco et al,PRLIO5]
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Prediction of sin 2.
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£ 14th el average
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00 |
0.5
sin 25,
4

Wednesday, April 20, 2011



S S

Conclusion

EW data favors mass splitting in both quark and lePtonic sectors

Crucial clegree of freedom is the g r mixing, a”owing much wider range

of masses and sl:)littings, and oPcning Portal to Havor Phgsics

Flavor observables are ta”dng to EW observables via e mixing and

quark Masses.

B
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Conclusion

*  Minimal set of relevant observables (nsor = 2) stronglg constrains

CKM elements.
S Wer Iarge Phases in B, mixing are unlikelg

* Studyof constraints in (my, V) and (my,, Vi) planes is underwa
J ; qb’ P Y

S S
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