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I. Intro




"N 4th Generation Still? [

- N, counting? 4th “neutral lepton” heavy
Massive neutrinos call for new Physics

- Disfavored by EW Precision  (see e.g. J. Erler hep-ph/0604035; PDG06

An extra generation ol ordinary fermions is excluded at the 99.9949% CL on the bagi
arameter alone, corresponding to Np = 2.51 £ 0.24 for the number of L
- oassimes that there are no new contributions to 77 or 7 and

R
glunilies are degenerate. In principle this restriction can ‘(\((\G“

July 14, 2006 1L

10. Electroweak mods \e(\\\(\ 5 on new physics 37
s well, sinee T “O(G 4 non-degenerate extra family. However.,
S iening the exclusion limits. A more detailed

= Mrently L Q{) ,
R i r ,\’5\_‘(\ o (or the extra down-tvpe quark) is close to
5 o \(\e = can drive S to small or even necative values but at
. da "' o contributions to 7. These results are in agreement with a fit
?(\ of light neutrinos, N, = 2.986 4+ 0.007 (which favors a larger value for

77— 0.1251 £ 0.0020 mainly from Fp and 7). However, the S parameter fits are
ANid even for a very heavy fourth family nentrino.
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(N 4th Generation Still? [

- N, counting? 4th “neutral lepton” heavy
Massive neutrinos call for new Physics ~ Tao Han’s talk

- Disfavored by EW Precision  (see e.g. J. Erler hep-ph/0604035; PDG06

An extra generation ol ordinary fermions is excluded at the 99.9949% CL on the basis
arameter alone, corresponding to Np = 2,581 + 0.24 for the number of families.
. assumes that there are no new contributions to 1" or [V and therefore that
ylinilies are degenerate. In prineiple this restriction can be relaxed by allowing

July 14, 2006  10:37
10. Electroweak model and constraints on new phystcs 37

s well, since 77 = 0 0s expected from a non-degenerate extra family. However,
Murrently favor 17 < U, thus strengthening the exclusion limits. A more detailed
A required if the extra neutrino (or the extra down-type quark) is close to

Wlnass limit [:EHH]. Thiz can drive S to small or even necsative values but at

the expense ol too-large contributions to 7. These results are In agreement with a fit

to the number of light neutrinos. N, = 2.9586 + 0,007 (which favors a larger value for

(gl Mzl = 01231 & 0.0020 mainly from Ry and 7). However, the S5 parameter fits are
valid even for a very heavy fourth family nentrino.

* 4th generation not in such great conflict with EWPrT
Kribs, Plehn, Spannowsky, Tait, PRD’07

Emi Kou’s talk

K3 CPV eorge W.S. Hou (NTU)  LHC2FC/CERN, Feb 13, 2009 /7 |




In fact, well presented !

General: Emi Kou (plenary)
[Heavy Lepton: Tao Han (plenary); could be related

ATLAS: Saleh Sultansoy (also on Higgs in WG1)
CMS: Kai-Feng Chen
CPV: this talk
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(1967)
CPV & BAU (& U): The Sakharov View

t‘

o Baryon Number V iolation

e CP Violation
e Deviation from Equilibrium

Pair

Y
Equal Matter o
d Annihilation

-Antimatter




Sakharov Stimulated by ..

Discovery of CP Vi lat

e Phys. Rev. Lett. 13, 138 (1964

PHYSICAL REVIEW LETTERS

VoLUME 13, NUMBER 4

27 Jury 1964

EVIDENCE FOR THE 27 DECAY OF THE K,” MESON*'

1980 Nobel

Princeton Universi

J. H. Christenson, J. W. Cronin,} V. L. Fitch,} and R. Turlay$

A

(Received 10 July 1964)

This Letter reports the results of experimental
studies designed to search for the 27 decay of the
K, meson. Several previous experiments have
served!® to set an upper limit of 1/300 for the
fraction of K;"'s which decay into two charged pi-
ons. The present experiment, using spark cham-
ber techniques, proposed to extend this limit,

In this measurement, K,” mesons were pro-
duced at the Brookhaven AGS in an internal Be
target bombarded by 30-BeV protons. A neutral
beam was defined at 30 degrees relative to the
circulating protons by a 13-in.* 13«in, % 48-in,
collimator at an average distance of 14.5 ft. from

o Too Smll . for Sataror ]

The analysis program computed the vector mo-
mentum of each charged particle ohserved in the
decay and the invariant mass, m*, assuming
each charged particle had the mass of the
charged pion. In this detector the Kp3 decay
leads to a distribution in m* ranging from 280
MeV to ~536 MeV; the K, 3, from 280 to ~516; and
the Kz3, from 280 to 363 MeV. We emphasize
that m * equal to the K" mass is not a preferred
result when the three-body decays are analyzed
in this way. In addition, the vector sum of the
two momenta and the angle, #, between it and the
direction of the K.” beam were determined. This




- KM CPV Confirmed ~ 2001 .

the MOMA plot

T

T | ]
D . 6 § FPCP 2007 _:

0.5 Z /(\ -~

: P\ 0

0.4 — & =

= g =
03 & -

0, 3

0.2 =

o1 1= N R \-.

George Vv.S>. Hou (N TU) LACZFC/CERN, FeD 15, 20UY 11 |



| The Nobel Prize in Physics 2008

"for the discovery of | "for the discovery of the origin of the - -
the mechanismrgf broken symmetry which predicts the CP VlOIatlon
spontaneous broken | existence of&l least three families df .

symmetry in quarks in nature" N SM
subatomic physics"

1921180 (SRISIVS

7 October 2008

4 i

Photo: Universtity of Chicago Photo: KEK Photo: Kyoto University Theimeld"tm"' n {a]P“]FE‘P?E‘&;:m

predicted by theoretical physicists.
Yoichiro Nambu Makoto Kobayashi Toshihide Maskawa KEE
& 1/2 of the prize 5 1/4 of the prize S 1/4 of the prize B F aCtO rl es

UsA Japan Japan (BaBar & Belle)

. Kyoto Sangyo University;
Enrico Fermi Institute, Al (=R Acc_elerator Yukawa Institute for
Research Organization

University of Chicago (KEK) Theoretical Physics (YITP),
Chicago, IL, USA Kyoto University
Kyoto, Japan

Tsukuba, Japan

b. 1921
(in Tokyo, Japan)
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b. 1944 b. 1940




b — d transitions consistent with SM
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A Real Hint, ... or Not !?
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II. AA, . & Nondecoupling: t"in Z Penguin

1st Prediction for sin2dg,

.oy george W.o. nou (INlu) LACZEC/CERN, FED 1o, ZUUY 10 |



Belle 2008 Nature: Simple Bean Count

0.037 4.4c

+0.07+£0.03 vs -0.094+0.020 NATURE| Vol 452| 20 March 2008
- a Ka* - b Kt

750 [ = b->s CPV

500 Not Predicted !
N B Difference
o 250 —
= x Is
= - ) '
~ o[ | Laf'ge :
8 g0 [-© KA :—" ezt And Established
% - Belle + BaRar (+ CDF)
(D

200

100

M, (GeV/c?)
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Saga Towards Belle Nature Paper ...

A (B — K*7)

D — - -
275M BB 2 3 cof .
BELLE o v 70f K
New > % 60f
Q@ Q2 =
= = E
L L
KZnl: 728 £53 n
L
0 S r rm s I R
0.25 0 0.25 . 0.25
AE (GeV) AE (GeV)

A p(KZ7%) = 0.04 +0.05 £ 0.02
hint that A p(K*7) # A p(KZ7°) ? (2.40) | [also seen by BaBar]

d
Large EW penguin (Z?) ? ?_;< I
New Physics ? = d
ew Ty ) _ b W S
B ~ K-
a u

ICHEP 2004 )Beijing



| —s - 5 s ——

It would seem that we are well on the way to
understanding the basis of particle—antipar-
ticle asymmetry in the early Universe.

In fact, we are not. The KM predictions
depend crucially on the masses of the inter-
mediate-mass s and ¢ quarks. But the high
temperature of the Universe just after the Big
Bang makes these masses irrelevant in calcula-
tions of the cosmic-matter excess. The degree

_ofasymmetry predicted by the KM modehs

en orders of magnitude too small.

1 FETTr T dlagram ul'mkquurk.-.lnixinp,

tha pag 20 years, the theorles of the weak and — a pair of particles, for exanple a hemey lop L twocrucial paremeters of the K3 theory to:
stromg nucler foroes that haove baon bullt up— quark and 2 W besan, thei nlermediary of the accuracy of about 5%, Complamentary m
1 this basts bave passed numerous rigorons — wek e, Here, o B meson (quark content sirements from ather processes nvalvin

eoporigen fal tests. The mathematical form Al eomertsing a 1 (Rd). & In a penguin
of thesa thaosdes allows litle space for tnger- Process. the change afquark type accurs visa

action s that treal pasticlos and antiparticles  Particle loop, which connectsviaa boson (wavy
i farantly line; a gluon, g, gives .J_':d.rul_'g penguin’; a
' ’ 2 o an ‘electroweak penguid; yis aphotony oa
And yet I'I"":'_U" Iverse, s far oiagwecan g, riber particke. Here, oresumple, a 3 or
sag, 15 made of matter, nob of antimarper=ag could be decaying into a K (0s) or K* (ds), plus
sea o dgnals of the matter-antimalter annl- wsadditional u ord quark that com bines with
hilation that would happen on the edee alour — the uwoPssagliorkin the Bmeson. The other
lacal region If an by this raglon were dominated.  end productisas partide, which cn bove

by matter. 5o diil the nital conditlons ofthe  guark contentuor dog both penguinand
; hox processes, the particks Tyamsented by the

Eig Bang perhaps coniain more matter than 3 mrtickes e
antimatter? 1t s poss bla. Bul in Infladonary h":‘“ 'I']!““[‘“‘m?'_""du!:_:'“"u i be m-
cosmology, the modal that has succasstully 3000, S n Pl i s

vyeal eduotic
the Unjverse,

al iuark fwera known:
srange (sy. Bul In the
Jriese mare were dlscoy-
the heavy pottam (b
1= astoundipg sucoess
Al specific experiments
C-antlquark painngs (n
fes is a bauark\cr Bantl-
o Kinbayashl-Aaskawa

el

s
EEmETATy ATl ol Haier — s a1 el L LT sincethen. evidence accumu kated by Bapar
e~ “BER LT EIR S . and Belle, in a data set of more than 1.2 Ril-

and emaclly the opposiie electric charge. Over  naractions, quarks change ype by enchanging ln B-mason decys, bas boen used 1o fxt

B mesans ' hava comfirmed these param-
aliars Lo accuracles of hebwesn 10% anid 2006
I wiotll i seem that we are wall on the way to
undarstanding the basls of particle-antipar-
Hile asymmetny in the sarby Unlversa,

In facl we are not. The KM pradictions

Ear” and Pl k" replrted
fa KX asymmetr\ina

depend crucially on the masses of the [nter-
meidlate-mass s and © quarks, Bul the high
lemparatiene af the Unlvarss Just afler tha Blg
Fang makes these masses irrelevant In calcula-
Hins of the cosmlc- e lar axcess. The degrea

of asymmetry predicted by the Ky model is fF@ b )()O 2

L o ol maenitude oo small,

the experimentalist
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VOLUME 58, NUMBER 16 PHYSICAL REVIEW LETTERS 20 APRIL 1987

an by Inami and Lim,” and we follow their notation. The effective Lagrangean arising from Fig. 1 is
L1M7 =226 e AC 5y, Lb) Ty, L) — 54 (Fy +287) (5y,Lb YTy, 1)
— s F55i0,,(q./q*) (ms L +mp RIB) Ty, 1)}, (1)

LY== 22Gpxe; D, (5y,Lb) (vy,Lv), (2)

where ¥ =g?/16n°, v; =V} Vi, i is summed from 2 to n (where n is the number of generations),'? s, is the sine of the

Weinberg angle, and we exhibit ! dimensions
2
e\ (5 N 3
C=Cr+C, i R Y V4 (3)
_ 3 x(x—2) 3 X 2 2
D, =Df + D™ S5 Inxi+ = ;
(=D + Dy F =12 o+ aGF < GFmt (4)
wherand m; is the internal quark mass. The important feature of Egs. (3) and (4) is the term x;/4,8
1073 ey —
7t 2 E — pasl'0” S
it “ _a[ ~"-b—sv¥ 2
b u,C,t, s - 10 F py/
- * 3 &
'Y,Z l, le W:ﬂ'# :. f},f
o 0, v 210 %L
b t s 5 e .
et e | nondecoupling
W ID-E ] L 1
— — 25 100 500
q q my (GeV)

xxmcPYy o George W.S. Hou (NTU)  [HC2FC/CERN, Feb 13, 2009 20 |




PR onccousing ML

Decoupling Thm: Heavy Masses are decoupled in QED/QCD
" Appear in Propagator

P
Nondecoupling: Yukawa Couplings Aq Appear in Numerator (\@((\\0

Subtlety of Spont. Broken Gauge Theory &

o~y George W.S. nou (NTU) L RCZ2FC/CERN, Feb 15, 2009 21 |



* T am aware of hadronic (color-suppressed C) complications
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This 1s Still the Standard Model



= I/t)jcsx/t’b = Tsb Ej',\?’(DSbI

Arhrib and WSH, EPJC’03

t=t¢ t

Xt e+ X +EP=0

D = i N

My, =< [ Bpg, VA8 o (2,8) + 20, LS (2,8) = Sy (5D)]
+ IS, (t,1) =28y (1,8 ) + Sy (1 I9]}

. GIM Respecting
Ha = % {Au (C101 + C202) + _;(Accf (et — o,

eorge W.S. Hou (NTU)  |HC2FC/CERN, Feb




EWP/Box Sensitivity to 4

qa less sensitive

‘9 \'. [

CQ—CQ X Tt — Ty

‘ |
nondecoupling 200 250 3oo 350

Do 2 - =

o)) - 1=2 .

~ o ]

ASS = 8, (1,1 )~ S, (1,1) e .
— 1 - 7

AS =S, (t' 1)+ Sy (t,6) =28, (t,1') : _ .
< 0.5 1=1 =

Oi H\HHM\H\HHM\HMH\E

250 300 350 400 450 500
m; eV]
RmcPv . Geoge WS, Hou (NTU) . LHC2FCJCERN, Feb 13, 2009 25 |



IAA =AK+TCO_AK+TC_~ 15% and P;\;S

0.05 LO PQCD S 4th Gen. WSH, Nagashima, Soddu, prUOS

O Og , AA = 12% vs 15% (data)
o | d
< 0t m,, =300 GeV y R
-0.15 _ _ d
0.2 | (1llustration) S
-0.25 i B_ b tat S
w K-
u u
t,t"V
b . > s, S
_ (c, u)
Bg wg oW B,
_ (c, u) .
s —Db
fs !
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k endi
PRL 95, 141601 (2005) PHYSICAL REVIEW LETTERS 305!%"%%]!:[]]{5%5

Difference in B and B® Direct CP Asymmetry as an Effect of a Fourth Generation

Wei-Shu Hou, Makiko Nagashima, and Andrea Soddu

Department of Physics, National Tatwan University, Taipei, Taiwan 106, Republic of China
(Received 8 March 2005; revised manuscript received 20 June 2005; published 30 September 2005)

Direct CP violation in B” — K 7~ decay has emerged at the — 10% level, but the asymmetry in B* —
K* 7" mode is consistent with zero. This difference points towards possible new physics in the

electroweak penguin operator. We point out that a sequential fourth generation. with sizable V. V.,
and near maximal phase. could be a natural cause. We use the perturbative QCD factorization approach for
B — K amplitudes. While the B® — K7~ mode is insensitive to ¢, we critically compare ¢’ effects on
direct CP violation in B — K ¥ 7" with b — s ¢~ and B, mixing. If the K™ #" — K*#~ asymmetry

difference persists,|we predict sin2®z to be negative

(a). 1 p——a——r—yr—(b)

As prediction, we find sinlﬂigs <20 for CPV in B, mix- E B Jr’r_:"r ’:._‘:'11\1‘%1 ® 25 l‘ y'ﬁ\“ -
ing, which is plotted versu in_Fig. 3(d). We find 5 LS \ = zz
sin2®y, in the range ofC-0.2 to —0.7 2nd correlating 4 'F ~l 2. N
with A ;o — A k... Three generation SM predicts zero. : i S __;-D-'--'-z-?'u-""";;;

Note that refined measurements of B(b — st{) and future
measurements of Amjy and sin2®, , together with theory
improvements, can pinpoint mpg, r,, and ¢,. We note
further that [6] 14.4 ps~' < Amy <21.8 ps~! cannot
yet be excluded because data are compatible with a signal
in this region. We eagerly await B, mixing and associated
CPY measurement in the near future.

—
Aepib—ay) [ 8] 0

oxEcPr,y o o o George W.o. iou (NITY) LACZFC/CERN, Feb 15, Z0UD 2/ |




IAA =AK+TCO_AK+TC_~ 15% and P;\;s

0.05 LO PQCD S 4th Gen. WSH, Nagashima, Soddu, prUOS

‘H‘“‘_‘\H“

ol S~ | AA =12% vs 15% (data) d_,
-0.05 | "
§ 0.1 d

~0.15 |}

m,, =300 GeV

—0.2 | , ,
0 35 L (illustration K-
—=0.03: red, dash
0.02: blue, solid
, Mishima, Nagashima, PRL’07 0.01: green, dot-dash
Joining C & Pgy
= (0] = i
———— AA = 15% - 1o AS =011 consistent
B i . . . N ] wi ata
0 - k=33 4, | Both A1 and AS in Right Direction ! ]
C - e N JT 7
7 \ A % 0.8 - E _
= I +-SM3 input
B n - E B
3 0.6 - E
-0.15 :\\\\\7 0.5 & ! ! ! \ \ +]
0O 60 120 180 240 300 360 0 60 120 180 240 300 360
Cbsb (bSb
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b~ s CPV
ITI. Amg, & B(B — X t-): 2nd Prediction for sin2dy_
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Mixing-dep. CPV in B4 and B, in SM

... b—os
sin2 ¢, = sin2 B T*{sin2®p =-0.04 in SM3
Measured by Belle/BaBar Measure in Bg 2 J/yo
in By 2 JyKs

- RA1 CPV eorge W.S. Hou (NTU)  LHC2FC/CERN, Feb 13, 2009 30 |



Prediction: Large CPV in B, Mixing

VC S V:b

Vt’s V::b Lt
. : sin2®p ~-0.5to0 -0.7
No Hadronic Uncertainty ... E B =

0
. . Despite Amg_, B(b—s/l) SM-like
s.rr'eng.rh and S|ze Of S1h 2@ WSH, Nagashima, Soddu, PRD’07

PRL’05

eorge W.S. Hou (NTU)  LHC2FC/CERN, Feb 13, 2009 31 |



B, Mixing vs B — X_{*{~

different nondecoupl. functions

V

Large CPV in B, Mixing




Use nominal my = 300 GeV
Change my , Change parameter range
Effect the Same.

(Similar)

N.B. AA, . suggest parameter space

- llargae(PVIh D2s (@eorge V.o, oy (IN1U ) Covr/pbu 4/12/U/1 35 |




Vs
b 5 .
B l S * - T
H N b s

WSH, Nagashima, Soddu, hep-ph/0610385 (PRD’07)

] Bnpn = + 32 MeV
_IB.\/BB, =299

* Fixed ry, = Narrow @,;, Range
destructive with top

. *Forry,~0.02-0.03,  [V,~0.04
@, Range ~ 60°-70°
Finite CPV Phase

Consistent w/ B(b—s/l)

_______________ SM-like !
I/ WFAG lorange N\ \\\
Large CPV Possible !
0O 60 120 180 240 300 360 Despite Amg,, B(b—s/) SM-like

Cbsb

Large CPVin b2 s George W.S. Hou (NTU) ~ |CDF/DO0 4/12/07| 34 |




Vs
b 5 .
B l S * - T
H N b s

WSH, Nagashima, Soddu, hep-ph/0610385 (PRD’07)

] Bnpn = + 32 MeV
_IB.\/BB, =299

* Fixed ry, = Narrow @,;, Range
destructive with top

. *Forry,~0.02-0.03,  [V,~0.04
@, Range ~ 60°-70°
Finite CPV Phase

Consistent w/ B(b—s/l)

_______________ SM-like !
I/ WFAG lorange N\ \\\
Large CPV Possible !
0O 60 120 180 240 300 360 Despite Amg,, B(b—s/) SM-like

Cbsb

Large CPVin b2 s George W.S. Hou (NTU) | CDF/DO0 4/12/07| 35 |
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r|ICan Large CPV in B, Mixing
| Be Measured @ Tevatron ?

Sign Predicted |  Sure thing by

—_|HCb ca. 2008
‘ sin20p ~1+0.5-1+0.7
\

O 60 120 180 240 300 360 Despite Amg,, B(b—s) SM-like

Cbsb

Large CPVin b2 s George W.S. Hou (NTU) | CDF/DO0 4/12/07| 36 |




Prediction: Large CPV in B, Mixing

B
;96 @
¥ -

Ll

L b/
# b
XS

WSH, Nagashima, Soddu, PRD’07 f B, /B B, ::I: 32 MeV

B, Mixing Measured
@ Tevatron in 4/2006
| *Forry~0.02-0.03, [V,~0.04
@, Range ~60°-70°
Finite CPV Phase

o ——
EinchBs ~—0.5--0.7
—0.04 SM

0 60 120180 240 300 360 Despite Amg_, B(b—s/l) SM-like
Cb sb WSH, Nagashima, Soddu, PRL’05
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Prediction: Large CPV in B, Mixing

WSH, Nagashima, Soddu, PRD’07

M
o° ’

r|ICan Large CPV in B, Mixing
| Be Measured @ Tevatron ?

Sign Predicted |  Sure thing by
g —__LHCb ca. 2010 (?)

‘ sin2<I>Bs ~

0 60 120180 240 300 360 Despite Amg_, B(b—s/l) SM-like
Cb sb WSH, Nagashima, Soddu, PRL’05

. R CPV George W.S. Hou LHC2FC/CERN, Feb 13, 2009 38




sin2®P

Bg ~ —05 - —07 -

WSH, Nagashima, Soddu, PRD’07 (already in 05)

PRL 08
arXiv:0712.2397 [hep.ex] PRL’08
CDF Run Il Preliminary L=135 fb* arXiv:0802.2255 [hep.ex]
; / —0.4
— 0.6 — 95% C.L.
‘n T — 68% C.L.
Z 0.4 —~ SM prediction
g i
0.2r
0.0F /A s T
-0.2
-04
0 ?\AV“
Observable 68% Prob. 95% Prob. s
on.["] -19.9 + 5.6| oS¥em—ama——— sinzq)Bs= 064 =7
UTiit -68.2 £ 4.9 [-78.45-58.2] . ,”
arXiv:0803.0659 [hep.ph] IHCI"@dIb'C oo
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An Updated Measurement of the CP Violating Phase ,ﬁfﬂ"i’

The CDF Collaboration?

CDF/ANAL/BOTTOM/PUBLIC /9458
Version 1.0

Auneust 7. 2005

[t 1s interesting to note that the Belle and BABAR collaborations have observed an asymmetry between direct C'F
asvinmetries of charged and neutral B — K decayvs with 5o significance [5, 6. In the absence of an under-estimation
ol the contribution from color-suppressed tree decays, it is diflicult to explain this discrepancy without some source
of new physics contributing to the electroweak penguin which governs the & — s transition.In the standard model,
this isospin-violating diagram should be highly suppressed. but it a new source ol physies is indeed present in these
transitions it may be enough to cause the different C'F asvimmetries that have heen observed.. In the Hg — J/ib
decay. the b — s transition occurs through the mixing hox diagram shown in Fig. 1. It 1= possible that new particles
could enter this transition through the b — s quark transition. While there are surely a number of possible sources
of new physics that might “]‘-.{* rise to such thEH]H]]EHH ith ma

\.]ml]m 1m111[ ol intere: asurements 1s
/e in the recent ¢ search at CDF using 2.3 th=1 of f<l1fl 19]. In lhh direct search for
a fourth generation up-tvpe quark. a significance of less than 2 1s obtained for the discrepancy between the data and
the predicted backgrounds, so that the effect. while intrigning. is presently consistent with a statistical fluctuation.
A updated search with more data would also clearly be of interest, particularly if a large value of .a’;U"""?" persists with
the addition of more data.

eorge W.S. Hou (NTU)




v No analysis improvements.

v No external constraints (Ag,

lifetimes) used
I UV U,

CDF future will probably be better 04 05 06 07 08

than that. Bs
- 8/fb (~2010)

And D@ will contribute too. --- 6/fb (~2009)

CKM2008 - September 11, 2008 D. Tonelli- Fermilab




I 4 x 4 Unitarity = Z/K Constraints

V4 L “Typical” CKM Matrix WSH, Nagashima, Soddu, PRD’05
m,, =300 GeV

0.2225 0.00:

Satisfyb — d: \/

. _-7 ;ﬁ Cannot tell triangle
b —> s Vi, th - — from quadrangle
- - I V ’ V /b
PR ] ts t 7

~ - - ] ud V*
% f ’ ’
Vus Vub = ‘h)l - d th

Vcs Vcb Vcd Vcb
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Agg(B = K*I*I7) and Other Predictions

sent to Backup



Instead flipped C, ...

d4 ) . .
2 —[ Re(C7C WA, + 22 Re(CHC OIT,(1- ritgs) + AT, (1 + 1t o )]}.
s s
W.-S. Hou, A. Hovhannisyan, and N. Belle 657M  arXiv:0810. 0335
Mahajan, PRD 77, 014016 (2008) Frap @ T
12F 75 -
I complex wilson coefficients 1E e, e
——SM

- - - -4th generation (SM4)
_I_ 2fb1 MC study of LHCb
(~7000 K*Il events)

0.3

386M
0.2

&
[—

_— O

I
o o

App(B=K*I*17)
[

o
e
e

0 01 02 03 04 05 06 0.7
§ (=s/mg?=qg?/mg?)

J.-T. Wei 2008/07/31 ICHEP2008

= | | 1 | 1
- I B v ey v e b b v 17
0 2 4 6 g8 10 12 14 16 18 20

q? [GeV?cH




IV. A 1013+ Enhancement of CPV for BAU?

If ...KMA4




|The Abyss: CPV in KM and B.A.U.

’ 4 AP
M Too Small in SM
Jarlskog Invariant in SM3 (need 3 generation in

J i3 I ST Ty . 3 2y 7 .
(T — g my — My, — My ) My —

%20 |72 =(6.2£0.2)x107" KM~1020\

KM)

m,)A

Normalize by 7' ~ 100 GeV =——>

EW Phase Transition Temperature
~ V.e.V.

p 5 . in SM .
~3X10~ is common (unique) area of triangle

CPV PhGSC Small, but not Too small
‘/\r s
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"soo |72 =(62£02)x107°|  [KM ~ €
7 y __ WMAP

If shift by One Generation in SM4  (need 3 generation in|KM)

J i3 I ST Ty ; 7 2y 7
(T — g my — My, —mym

Providence

WSH, arXiv:0803@1eplph] ﬂ @

o = (m% —m?)(mi —mi)(mi —m?)(mi —m*)(ms —mi)(mi —[n?) A3,

i AR

2 2 1
my [ mi My

o ' b ] +15 |
m2 (mf ) mem? % 10 Gain

\\ J
Y Order 1 ~ 30
MI-.-‘-

Nature would

Gain mostly in Large Yukawa Couplings |
likely use this !?
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The Abyss between CPV in SM3 vs BAU
bridged in SM4 by Heaviness of t" and b

Why wasn't this clearly
pointed out in past 20 years?

o~<Ececl,y o George W.o. iou (NTU) L RCZFC/CERN, FeD 15, ZUUY 40 |



quadrangle from

comprehensive study
WSH, Nagashima, Soddu, PRD05

ViV i

S

T o = (mi —m2)(my —mi)(mi —m?2)(mg, —m?)(my

m? m% _ 'ns"'i_e .
~ =51 — J ~ 101> Gain

2\ (r2 a2
my, J(mg, —ms;)

i\ mj mym?,
e 13 Only fac. 30 in CPV per se
~ + :
m,,, m,=300GevV 10 < 2 e 0
~600GeVv 10+15 This part will shrink a bit.
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V. Direct Sighting @ Tevatron vs LHC

the Expnerimentalist




- Tevatron/LHC Verification \

ivocal .@59\4 [ T ]
Tevatron Unequ .. if true : CDF Run 2 (2.8 fb'")|
- - ” 2 | Preliminary
sin2®@g  “Evidence” by 2009 ? C: t—Waq, > 4 jets
“ ” = | Hyvs M,
Observe” by 2010 2 T —
a |
. 1=
* " Search Ongoing: OF  angeor observed
- oxpoctgd .95”.-'.;:. CL
mtl > 311 Gev @ 95% CL : upper limits
i theoretical prediction
Bonciani et al.
200 300 400 500
t' mass (GeV/c?)
LHC
* sin2®g_ “Confirmation” — "Easy” for LHCb But when ?

ib’, t' Discovery — Straightforward/full terrain|

Glimpse of agenda at ATLAS/CMS
previous 2 talks
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VI. Discussion/Conclusion: Know in 3-5 Years




| CPV for BAU: 2-3-4 Dominance

Jarlskog'85, 3 generations Jarlskog'87, n generations
Im det [}*;'1.,“_-??1[1';_, m dm{'{} = Im tr[S,S']’
S S’ “3 cycles”

. ] also Gronau, Kfir, Loewy '87
4 generations: 3 indep. phases

long and short

| =——— 2-3-4 generation only |
d-s degenerate

(on v.e.v. scale) Effectively 3 generations

T o = (mi —m2)(mi —mi)(mi —m?2)(mg, —m?)(my, — mi)(m; —m?) A3,

_my (ms_a _1) my A3 ]

m? \ m? mam? A

J(1,2,3) very small
suppressed by mg, m.
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1st Order EW Phase Trans. for BAU ?

0803.1234 will appear in Chin. J. Phys.

Ran out of time, and knowledge ...

(perturbative) PRD’08
* Fok & Kribs: Not possible in 4th generation arXiv:0803.4207 [hep-ph]

* Conjecture: Could Strong Yukawa’s,do it ?
Y

Beyond Unitarity Limit

arXiv:0901.1962v1 [hep-ph]

The strongly coupled fourth family and a first-order electroweak phase transition

(I) quark sector Not quite conclusive (?)

Yoshio Kikukawa,’ * Masaya Kohda, %1 and Junichiro Yasuda®

! Institute of Physics, University of Tokyo Tokyo 153-8092, Japan
*Department of Physics, Nagoya University Nagoya §64-8602, Japan
YCenter for the Studies of Higher Educa‘ion, Nagoya University Nagoya 464-8601, Japan
(Dated: January 14, 2000)

In models of dynamicel electroweak symmetry breaking due to strongly coupled fourth-family
quarks and leptons, their low-energy effective deseriptions may involve multiple composite Higgs
fields, leading to a possibility that the electroweak phase transition at finite temperature is first
order due to the Coleman-Weinberg mechanism. We examine the behavior of the electiroweak phase
transition based on the efective renormalizable ’tukawa. theory which consists of the fourth-family
quarks and twc SU(2)-doublet Higps fields corresponding to the bilinear operators of the fourth-
fomily quarks with /without imposing th€ compositeness condition.YT'he strength of the first order
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‘ Thoughts on the other 1/2 Nobel Prize

ez’

"“for the discovery of

the mechanism of <Q Q> can Condense

spontaneous broken

SS B symmetry in

subatomic physics" by Large Yukawa!

Could EWSB be
duetob’and t’
above unitarity bound ~ 500-600 GeV ?

y
Bob Holdom: N-J-L ( )

Photo: University of Chicago [Bardeen, Hill, Lindner i in

Yoichiro Nambu

D 112 of the prize Gustavo Burdman: “Holographic” 4th gen.

USA

University of Ghicage

Chicago, IL, USA

b. 1921
(in Tokyo, Japan)

- K# CPV George W.S. Hou LHC2FC/CERN, Feb 13, 2009 55




VI. Conclusion: Know in 3-5 Years @

sb ~ (2 _ _ _ 2 2) (2 sb
55y = (M} m?)(ms — m2)(m? — m?)(m3 — m?)(mj — mi)(m; —m?) A,

my m! my

9
mz m? l mim? .] 10+ Gain
g
Even if O(1)
m,., m, =300GeV 10+13 Enough CPV

~ +15
600GeV 10 for BAU.

Sinz(T?Bs
Maybe there is a 4th Generation! @ Tevatron
by 2010(1)

Will Really Know in ~ 3-5years!| @ LHC

> Heaven on Earth?
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Backup



+0.050+£0.025 -0.097+0.012 World 7
A, = A —A £ 0 [

B—K n’ B—sK n™

=+0.147+0.028 > 56 Experiment is Firm

Why a Puzzle ?  AAg, ~ 0 expected

M(B® = KTn7) oc (T 4 P) =] re'?3 e

?
\/EMK+7TO — Mgt X (fEW ‘i:Cs

Large C ? —> A lot of (hadronic) finesse

Baek, London, PLB653, 249 (2007)

Large[EWPenguin|[? ———", 18- ™05 5y Phase

, ii 70 Pg, has practically
d no weak phase in SM
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+0.050+0.025 -0.097+0.012 World 7
A, = A — A # () [

B—K n’ B—sK n™

=+0.147+0.028 > 56 Experiment is Firm

Why a Puzzle ?  AAg, ~ 0 expected

M(B® = KTn7) oc (T 4 P) =] re'?3 e

?
\/EMK+7TO — Mgt X (fEW ‘i:Cs

Large C ? ——> A lot of (hadronic) finesse

Baek, London, PLB653, 249 (2007)

Large|lEWPenguin |?C——> N, o4 'NP CPV Phase

d o Pgy, has practically
d no weak phase in SM

‘4‘rh Gen. in EWP Natural

nondecouplin
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- On Boxes and Z Penguins

> GIM, charm, g
. :
d u.e.i s
W

Su. it( —> small £'/e, K — mvv (still waiting)
Z

— heavy top, sin2¢,//3

Ef 2
: :
d et b
- +
i I I
- W - n—>
w

t s Z dominance for heavy top
1986 — 2002

q q q q

Most Flavor/CPV learned from these diagrams/processes
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- On Boxes and Z Penguins

Nondecoupling
> GIM, charm, &« .+ Large Yukawa!

=, c;té% > small £/, K — mvv (still waiting)
Z

| — heavy top, sin2¢,/

;. m==> /7 dominance for heavy top

b W s b t
A
v 2 ‘\ | 1986 —> 2002
All w/ 3-generations, W _________ > DI

Just wait if there’s a 4th——_____
b’, t" @ LHC
K CPV eorge W.S. Hou (NTU)  LHC2FC/CERN, Feb 13, 2009 61 |
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4 x 4 Unitarity = Constraints

d B b b’

¢12€13C14 €12 €13 814 €XP [ida) \

i : €13 €04 8 i :
U —€13 $12 514 524 €XP [—i(Pay — dsp)] _131329241;4 exp [—i(dw + b)) 34513 exf [—ipu] +ci3cia 512 524 €XP [ichs)
—C24 513 514 534 €XP [_'-;'((.Ddb + (bub)] £ £ : Psh ub s 3 +c14 €24 513 538 EXP [_"Oub]
—C14 €23 512 —C23 812 514 €XP [ida) _ _
—C12 €14 513 523 €XP [idys) €12 €23 €24 —c12 513 514 523 €XP [i(Pap + Pup)]
C —c12 €23 514 524 €XP [—i(Pap — Dsb)] —24 512 513 523 €XP [igup) €13 €34 523 +c12 €14 €23 524 €XP [idss)
+512 513 514 523 524 €XP [—i(Pap — Psp — iPup)] —€13 523 $24 $34 €XP [—i¢s) —C14 512 513 523 524 €XP [i(Psp + Pup)]
—€13 €24 514 523 934 €XP [—idas] +c13 14 €24 523 834
—€12 €14 €23 813 €XP [ichy] —c12 €23 513 514 €XP [i(Pap + Pws)]
t +c14 512 523 —€23 €24 512 513 €XP [iPys) ~+512 514 523 €xP [idas]
+c23 512 513 514 924 €XP [—i(Pap — Psp — idup)) —C12 €24 523 €13 €23 C34 —C14 €23 512 513 524 €XP [i(@sp + Pub)]
+4-c12 814 823 824 XP [—i(Pap — Dsp)] —c13 €23 824 34 €XP [id] —€12 €14 823 824 €XP [idhs)
—C13 €23 €24 $14 534 €XP [—icpay] +c13 €14 €23 €24 534
t, \ —c24 €38 514 X [—ichas) —ecz) s2a Py [—ids] 534 €14 C24 C34

We need to deal with mixing matrix in detail to keep Unitarity

V;;.g‘/%fd = C24624814S 6i(¢sb_¢db) V;I_Ts‘/tfb — 63482483487:(‘258{)
Kaon ?”"da \E’Ed D bos =Tgp
2
, TdsS ;
VtTthIb = 02403481433461%!5 — %g&ezédb _

F(Z = hadrons) b—d

- - im gags = D.22 ™~ Vus
[Vi® + 3.4[Vy/2 < 1.14 for my = 300GeV = s34 < 0.25

' ~ O
Fromb — s study rrsb ezd)sb ~ 0025 6’1 70

- Amg /AMp/ A George W.S. Hou (NTU)  JCHEPOQ06, //29/06 62 |




° ° :‘}}’y\?‘éi
Constrain s <> d from K Physics  (\¥/.
8 ‘L [ rrrrrrrr T l\ [ F
BR(XKt - rtup) = (1471220 . 10711 K ‘ | : ‘
8.9 (shaded) |1 . |
BR(K; — ptu )sp < 3.75.1072 i MM Re-1.2
6 I3 \Ko-1.2
4 ‘§¥ 8=~
e = (2.284 4+ 2 x 0.014) - 10~3 o | ¥R j
1 L)
€ 4 |
= =(166+2x16)-10"% g | ‘ 2
€ - § i
Rg = 1.2 (E. Pallante et al.) 2 F §6:1-0 «. §6:2-2 ![' 1
- . " " : 821.2 g : 820§ i
Rg =0.7-1.3 Standard * E‘«» g |
R6=2'2 (J_Bijnensetal_) O b e
Rg =0.8—1.4 No SM3 solution © 60 120 180 240 300 360
¢ds
Therefore....

Fas ~ 5 X 10 % Gus ~ —60° or + 35°

well-satisfy Amp, and sin2¢4 !

Amg./Amp/ A George W.S. Hou (NTU ICHEP'06, 7/29/06 63




ras ~ 5 x 107%  ¢g, ~ —60° or + 35°
rap ~ 1 x 1072, g ~ 10° (105°)

well-satisfy Amp, and sin2¢; VS Vyp ~ 0.01 e’

| I | |
' 'l 1 [
| - 1 T LU T T T T T T T T 1]
?‘*\‘\‘I‘ \ \ \ \ \ \ \,\: :\i\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘\\‘\\‘:
0.65 7, - ]
- Fg\/Bg =24 6MeV B 0.78 F .
—~ :I ] - ]
N 0.60 jl I - .00.76 — -
2 g S~==- . ok E
Biooss | 1 <« A ;
o - | [ . E 0.72 | | -
g 05 |3 ! . N o.70 f# I g
| & ™™ = . K -
< g S| Fs\/Bp=208MeV 2= - : :
0.45 = B 0.68 | : =
- —] | \ ]
B S > 1 N ]
IR oy AN “I“H‘H“I“H“““““H“‘H““
1 1
0Op 60 {20 180 240 300 360 TR éso 240 300} 360
db
| | Pap | |

VudVub Disfavored

\Vtk

Vcd Vct)

Hard to tell apart (non-trivial) with present precision
> stringents — d




Agg(B = K*I*I7) and Other Predictions

sent to Backup



App(B=K*1*1")

Quoted by Tsybychev at FPCP08

e
o = M

a: SM; b

better

o o <
L o ]

0 01 02 03 04 05 06 O.

il

7

€ (F_ and) Ar; (and A1) favor the "opposite-sign C; model”

Elgen at FPCP08

E _||||||||||||||||I'l||:||||I1_|_=||||||||||| 15'" TR W "'|:"' A |T E
: 1|3 A e | : E
o | o o 1 oeb : . n | =
So5F Cq,Cyo sign- fllppeid o o ; R =
= --—""* B - e I ; : - E
E o : E. E E e ] '0-25_ i :;':'.".'.".':1:':'.'1:.'.".':'.":'.'.".".'."::;
05| T T -~ 04 | | | =
1F I'CJH f||ppr—"id E | LJE | 38|6M 1 085349 fb-!! b | T| ey
_|| I oo oo o 18 B0 1R [T B N A A I e b b b b e Lo v e Lo o Lo 1
0 2 4 5 8 10 12 14 1 1 2 0 2 4 6 8 10 12 14 i 18 20

¢ GeVic? 7 (GeV' /Y



0.1 (b | fpvBp = 200 I\/IeV

o 0.08 1 PDGO6 | g,
= r ]:I From 4 x 4 Unitarity
n |
E] 0. : i DD% Vub’V
e t§2>;

x = Am/T" ~ 1 - 3 plausible

w/ Sizable (but not huge)
CPV in Mixing ~-15%

L S N.B. SM LD could generate

0 60 120 180 240 300 360 o
y~1%,x=y
¢db [Falk, Grossman, Ligeti, (Nir,) Petrov]
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Implication for B(K; — 7TOI/I7)

Nontrivial (phase) V. V..

- 250 i\ I ‘:\ I ‘\ UL ‘ [T ‘ I \‘ [ ‘\ I ‘ [T ‘ I \L
PR - : ] Current E391A U.L.
A 200 [ res=6x10"" - = 7

/>i o " Gros an-Ni\ . 2.86x10 (90% C])
> F = : : Very hard to measure

K 100 7\ = .

T 4 x 107

—

)
Q

W e e el

\'V'ﬂ'\'ﬂ'!-\\'i\_\\\ . _<_B(KL _>7TOV17) 23 X 10_11
60 120 180 240 380 360
- SM3

des

Illl-il

Rate could be enhanced by up to almost two orders !

K; — mOviy enhanced to 5 x 10710 or even higher !!

In general largerthan K+ — 7Ty (2—3 x 10710)

"' Large CPV Phase
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.b — d "Triangle" and b — s Quadrangle

Vv .Vo.+V. V., +V Ve+V, V., =0

M th T td th
%k
Vud Vub b d ~ SM3
ES %k
— VCS Vcb

VsV

b — s Quadrangle(almost Triangle)
Area ~ (-)30x b — d Triangle

——> (Strength and Size of sin 2@
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. Consistency and b — sy Predictions

PDG’OS\\
‘/‘ o\o 4

¥ 8

o 7

— g ]

X ¢ |

>Q4_ 1SM3

$3m_
2 ]

"Ql

Q

0 60 120 180 240 300 360

2

H>

VA S

(bsb
BR OK , I
T 0.4 Cé_cgamf—xt’/
Heavy t’ effect < io ,
decoupled U %7 | e
forb — sy le 0 fzo======= mms=====2= :

eorge W.

0 60 120180240300360

Cbsb

Ace ~ O far away

beyond SuperB

. Hou (NTU)  LHC2FC/CERN, Feb 13, 2009 70




VisV. b—d

— - Vcd Vci;

Indep. phases
emergent

b—s

If VysVup Shrinks to a point

J

Difference in area
for b — s Small

b — s Quadrangle(almost Triangle)
Area ~ (-)30x b — d Triangle

sb
(2,3.4)
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2nd argument that J

is predominant CPV



S Sighting IR

SO

W Ind i N B

4t generation? — Thejuryisout ..

In era of LHC, can Directly Search for b’, t’
Once and For All !

Find b’, t’, or Rule Out @ LHC
It's a Duty.

Strategy Considerations (3 ¥ JR =%

« Well shielded training ground — All Tools
= Move on to Greener Pastures ~ in 2 years

* Publish early — Large Cross Section
- If “Limits”, then easy to publish
- If “Signal”, Lucked Out!
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S b’ Signatures

For my < m+My = 255 GeV

b" — cW dominance for sizable
b’ — tW* dominance for suppressed

@3 Kinematic suppressed for my < 230 GeV
Initial discovery should consider

1f h

b"->cW ~ b"—>bZ bH ~ b"— tW*

cc(bar)WW; cWbZ; cWbH;

tc(bar)WW*;
: tt(bar)W*W*; tW*bZ; tW*bH;
For my > my+My = 255 GeV
b’ — tW dominance; FCNC searchable

Heavy Q related
To EWSB ?

tt(bar) WW — bb(bar) W"W-W*W~

4 W’s +2b’s
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Awvailable on the CMS information server CMS PAS EXO-08-09

CMS Physics Analysis Summary

2008 /08729

Search for Heavy Bottom-like|Fourth Generation Quark
Pair at CMS in pp Collisions at /s = 14 leV

The CMS collaboration
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- — Y — thJFW_r
PP 100 pb~!

same-sign dilepton and trilepton

b’ Mass 300 GeV /= | 400 GeV/c? | 500 GeV /¢?
b 1O cross section 34.9 pb 5.05 pb 245 pb
Expected signal yield (8.2 22.2 8.0
Expected background yield ?.S"'}EE'E

S13 7.50 200 0.0
Sep N/A 210 0.0¢

1':]2 T T T T T T T T T T

CMS Preliminary

10

bh' cross section (pb)

— Limit to 480 GeV
w/ 100 ];:vb_1

400

450 500
h' mass (GeV/c?)
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