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The partial rate asymmetry A p(K" 7~ ) is found to
be —0.101 = 0.025 £ 0.005, which is 3.9¢ from zero. The
significance calculation includes the effects of systematic
uncertainties. Our result is consistent with the value
reported by BABAR, A p(K*77) = —0.133 £ 0.030 =
0.009 [7]. The combined experimental result has a sig-
nificance greater than S0, indicating that direct CP vio-
lation in the B meson system is established. Our measure-
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ment of A p(K™7") is consistent with no asymmetry:
the central value is 2.40 away from A ~p(K " 7). If this
result 1s confirmed with higher statistics, the difference
may be due to the contribution of the electroweak pen-
guin diagram or other mechanisms [16]. No evidence of
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[16] A.J. Buras, R. Fleischer, S. Recksiegel, and E Schwab, @
hep-ph/0402112; V. Barger, C.W. Chiang, P. Langacker, 7
and H.S. Lee, Phys. Lett. B 598, 218 (2004).
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. +0.050+0.025 -0.097+0.012 World .~
AA, = A ~A £ 0 ()

B—K n’ B—>K n~

Difference is Large! =+0.147+£0.028 > 56 Experiment is Firm

Why a Puzzle ?  AAg, ~ 0 expected

M(B® = KTr7) o (T 4 P) ={re'?3 e
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Large C ? —> A lot of (hadronic) finesse
Baek, London, PLB653, 249 (2007)
Large[EWPenguin[* ——> Noed NP CPV Phase
; ii 70 Peyw has practically
d no weak phase in SM
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an by Inami and Lim,” and we follow their notation. The effective Lagrangean arising from Fig. 1 is
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where ¥ =g?%/16n?, 0;=V ¥V}, i is summed from 2 to n (where n is the number of generations),'® sy is the sine of the

Weinberg angle, and we exhibit !
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'Y Effective b — s Hamiltonian: t and t' Effect
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y. AA — AK+7'CO — AK+7'C_ ~ 15% and PEb\;S

LO PQCD & 4th Gen. WSH, Nagashima, Soddu, PRL’05
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Consistence and 4 x 4 CKM
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@) 4 x 4 Unitarity = Z/K Constraints
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Vél;KM il “Typical” CKM Matrlx WSH, Nagashima, Soddu, PRD’05
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&N b — d "Triangle” and b — s Quadrangle
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- On Boxes and Z Penguins

> GIM, charm, &4

= %N( > small £'/¢, K — mvv (still waiting)
Z

—> heavy top, sin2¢,/3

Ef 2
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- +
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- W - n—>
w

: ; 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, &y " Large Yukawa!

= %N( > small £'/¢e, K — mvv (still waiting)
Z

— heavy top, sinR@,/f

d wet b BS
" g )
N N . m==> /Z dominance for heavy top
w FB
: " ‘\ | 1986 —> 2002
All w/ 3-generations, W_ _________ . DI

Just wait if there's a 4th—____
| b’, ' @ LHC
LNPo=sCPV. GeorgeWuS.Hou(NIU).__ Beyond3si,sept.5.2008 18]




II. sin2d®} <O and Large




. Large CPV in B, Mixing l
WSH, Nagashima, Soddu, PRD’07 ! B B, -:I: 32 MeV

B, Mixing Measured
e @ Tevatron in 4/2006

| \t ° Forry ~0.02-0.03, [V ~ 0.04

@y, Range ~60°-70°
Finite CPV Phase

—_
sin2®p ~-0.5 - -0.7
2s
O 60 120 180 240 300 360 Despite Amg,, B(b—s/) SM-like

¢ Sb WSH, Nagashima, Soddu, PRL’05




" Large CPV in B, Mixing |

WSH, Nagashima, Soddu, PRD’07
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r|ICan Large CPV in B, Mixing

Be Measured @ Tevatron ?

0O 60 120 180 240 300 360

Cbsb

Si Predic ! Sure thing by
gn Ted\lH\Cbca. 2009-10
‘ sin2®p ~-0.5 - -0.7 \
=S
Despite Amg,, B(b—s/l) SM-like
WSH, Nagashima, Soddu, PRL’05




-;inzchS ~-0.5--0.7
S

arXiv:0712.2397 [hep.ex]

WSH, Nagashima, Soddu, PRD’07

CDF Run Il Preliminary L =1.35fb*

—~ 0.6 —9s%cCL. 04
' - — 68%C.L.
EZ 0.4 — SM prediction
z L
0.2r
0.0f /s ]
-0.2
-04
-0
Fu =
1
B, (rad)
Observable 68% Prob. 95% Prob.
5. ["] -19.9 + 5.6| oe¥ems—ama—
UTfit -68.2 £ 4.9 [-78.45-58.2]

sin2®@p =-0.64| + 7

arXiv:0803.0659 [hep.ph]

Incredible !!!




Results with Flavor Tagging W\

. o WSH, Nagashima, Soddu, PRD’07
4th Generation 7 (hep-ph/0610385)

Do Lt 057
pg™ :L_EH -0.46 + 0.29
cofF L 1.36 & -0.24
|
cDF G -1.20 & -0.40
SM T :0.0038 + 0.002 19\

Tevatron can compete w/ LHCb 4 “0.‘ QS\‘
iff |sin2dg | > 0.4 o)
lar, =2 1% foosg,| ! i
“ar, = 21§ [cosoyl and &= (), ., and T(B)=x(B,)
IIII|||II|++IIIII|III||||I|||
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FPCP Taipei Taiwan May 5 - 9, 2008 Derek Strom Northwestern University 26



|ICHEP update

Increased dataset still hints
at larger than SM values! - oL omprediction

— 68% C.L.

Consistency with SM
decreased 15% =2 7%
(~1.80)

0.28 < Bs < 1.29 at 68% CL

-pil2 < Bs < -1.45 OR
-1.01 < Bs < -0.57 OR
-0.13 < Bs < pil2 at 95% CL

www-cdf.fnal.gov/physics/new/bottom/080724.blessed-tagged_BsJPsiPhi_update_prelim/

Will shrink further with PID in the whole dataset

ICHEPOS - July 31, 2008

D. Tonelli- Fermilab




avor/TeV

@, Prospect (short term) _

B, — Jw¢ analogous to By — JwKg

VV m—=——> Angular & Vertex Resolved Analysis
to disentangle CP +/— components

Trigger CDF vi7)
e CDF/D@: 8 fb ! projected | .. = ¥
Track Pri*Pr2 > 5.5 GeV/e —
. 100 umeld, o< 1 mm
G(Sln2¢ Bs) - 0-2 (?)/exp 1-Muon — pr(1)3.45 GeV/c
SI m I Ia r 2-Muon pr(w's) > 1.5 GeV/c pr(w's)>2.0 GeV/c
e—

«LHCb: 0.5fb1(20087?) € LHCb the winnerif ~ SM
O(sin2®g_) = 0.04 sin2®g_ ~ —0.04 in SM

« ATLAS : 2.5 fb-1(2008 ?) I

. $ Tevatron could get luck
O(sin2®@g,) = 0.16 iIf sin2®g, large <—> New Physics !

CMS ?
Nakada @ fLHC 3/07 Could Tevatron run beyond 2008 ?
eorge W.S. Hou (NTU)  CSUSY'07,07/07 25

But 2009 looks interesting !




V. Agg(B = K*I7I") and Other Predictions




Agg (bkg-sub)

App(B=K*I*1")

Quoted by Tsybychev at FPCP08
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o x = Am/T" ~ 1 - 3 plausible
& O E w/ Sizable (but not huge)
o 0 CPV in Mixing ~—15%
- :I
X _o.5 1
I
0V 60 120 180 240 300 360 N.B. SM LD could generate

Yy~1%,x=y
¢d_b [Falk, Grossman, Ligeti, (Nir,) Petrov]




Implication for B(K; — WCTI/D)

Current E391A U.L.
2.86x1077 (90% c.l.)

Very hard to measure

200 |
-Gro

N
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o
|
EEEEEgEER

rgs =6 x 1074
an-Ni\

-0 ‘-@wa-m-rm-\ T AT :—<—B(KL—>7TOI/17)23X 1011
0 " 60 120 180 240 3@0 360
. o i SM 3
- ds -

Rate could be enhanced up to almost two orders !l

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

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

"' Large CPV Phase




V1. Conclusion

Tioa) = (mfr—mi)(m?r—m?)(mg mg)(my — m3)(my, — my)(mi —m3) A,
2 2 q
- mt; mtr B mbr _ +15
" (mg 1) mgm J 10*1° Gain
e Even if O(1)
_ +13
Tl Ty 300G 113+15 Enough CPV
for B.A.U.




V_ - V. Conclusion _

s 2 2) (12 sb
J@34 = (m? — m>)(mZ —m?)(mz — m?)(mi —m*)(m3 —mi)(mi —m?) A3,

2

_my nss B my 10415
3;3 m; l ms ns ] 10 Gain
Even if O(1)
~ 13
MMy, My =300GeV 1o Enough CPV

_ +15
600GeVv 10 for BAU.

L AAG=A o0 A

II. Consistence and 4 x 4 CKM
CDFE/DO |1. [ sin24} <O and Large

]

LHCb IV, [Agg(B = K*I*I") and Other Predictions

D mixing, K, — wivv
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WSH, Nagashima, Soddu, PRD’07
arXiv:0712.2397 [hep.ex]

CDF Run Il Preliminary L=135 fb* arXiv:0802.2255 [hep.ex]
—~ 0.6F — 9s%cCL. ﬁ-:;OA; (a DZ, 2.8 fb™
» - — 68% C.L. . 0
& 0.4 —~ SM prediction [_“”0'35 " B~ Jlyo
: o2k AM, = 17.77 ps’}
oif
o
01"
-0.41 - I AT = Al'gy x¥¢os(9)]
-0.6F \ 0245 "1 o5 W 05 1 15
e o, (radian)
\ B, (rad) /
o _ 3.70
Observable 68% Prob. 95% Prob.
, . — | . +0.16
¢n.[°] -19.9 + 5.6] d¥e=s=s=s=—— sin2®pg_=-0.64_,,,
UTfit -68.2 £ 4.9 [-78.45-58.2]

arXiv:0803.0659 [hep.ph] IﬂCf‘@dib'G .’ .’ .’




I B.A.U. from Electroweak Baryogenesis ?

CP\/
v

Ny
n7

=(5.155)x107"° KM ~ 10~

WMAP Too Small in SM
Why? Jarlskog Invariant in SM3 (need 3 generation in KM)

; 1 2 i 1 \ ; 1 2 - .

Normalize by 7'~ 100 GeV =——=> | J/T'? ~ 10~

masses too small !

N 5 . in_SM .
A, ~3x107 is common (unique) area of triangle




n

= (5.1793)x107"° KM '\\10‘20

WMAP Too Sm \II in SM
ift by One Generation in SM4  (need 3 gnera‘rioﬁ in KM)

7

a IO
Js p— Mgl My —
J;rfr — imf — m Hmi -mf}[mf m jm‘b _ mf}(.},”i o ﬁ](”ff B -mf)
ms, {m? mi (A3
~ = -
m? \ m; mim?2\ .
> ~ 7 0nly fac. 30 in CPV per se

-

‘L Gain mostly in Large Yukawa Couplings |




@) B.A.U. from Electroweak Baryogenesis ?

o A N —

Order of Phase Transition

YA

Too much equlibration in SM washes away B.A. at high T

,—-“.E _ h\
Foma = ——g. T+ D(T* = T3) & — ETo? + = o
| U | H_J 4

Cubic term too small
=—> Extra Heavy Bosons (usual approach)

“similar effect by fermions strongly coupled to Hige. evenif in
Carena, Megevand, Quirés,

high-temperature regime do not contribute to cubic term...” Wagner, NPB’05

Fermion

* Couple Strongly to Higgs ==> Can "Boil" Higgs Soup

* mg/T  Not small ==—> Cannot use above m/T expansion
Not too large ——> Does not decouple too early

Upshot: relativistic d.o.f. g* become g«(¢), effective reheating by
F decoupling around T, == Stronger Transition

[ NPbosCPV. GeorgeViS.Hou(NIU)____ eyond 3Si.Sept.5.2008 37 ]



| B.A.U. from Electroweak Baryogenesis ?

Order of Phase Transition

Observation: 3 4th Generation, then t < b' < #'~ 300 GeV
may be sufficient for:

If numerics of CMQW can be used

Used Higgsino/Wino Model w/ 12 d.o.f. A>21
. Carena, Megevand, Quirés,
CommenT ThGT Top (GISO 12 dOf) W/ 7\« = 1 IS too SmG” Wagner, NPB’05

Fermion

* Couple Strongly to Higgs ==> Can "Boil" Higgs Soup

* mg/T  Not small ==—> Cannot use above m/T expansion
Not too large ——> Does not decouple too early

Upshot: relativistic d.o.f. g* become g«(¢), effective reheating by
F decoupling around T, == Stronger Transition




Can 4th Generation Restore Electroweak Baryogenesis ?

Can we use this to Demand to see NP b — s CPV ?




V. Discussion and Conclusion

* 4th generation not in such great conflict with EWPrT
Kribs, Plehn, Spannowsky, Tait, PRD'O7

» Issue of "UV completion” for EWBG picture (vacuum stability)

* Heavy 4th generation above 600 GeV (unitarity limit)
could lead to EWSB = No Higgs ?  Holdom, JHEP'06

+ +' & b’ can be discovered at LHC |




Conclusion on New Physics b — s CPV

S
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¥ - Y |
E‘;@ :5
g el
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I. Intro: BAU = Need New Physics CPV

IT. Hintsinb — s
*[AA, = A A %0

K7 B>K '’ " BoKtno
* AmB VS fB

S

ITI. New Large Yukawa Couplings: CPV i in Pew . aNd

Experiment is Firm

4Th Generation |>¢4
* kaon constraint / Sin 2CI)|3S <0
* Amg_refinement and Large

MbHS

box

* sin 2(1)55 @ Tevatron & LHC(b)
* BAU from Electroweak Baryogenesis

IV. Proomwrure and (distant) Past

Soon!
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AS =S8iqq — Secs <0 “Problem”

sin(zﬁm) = sin(2¢; ) E Smaller than b—>ccs
3 PRELIMINARY

L 1n almost all modes

b—ces  World Avierage

BaBar T Rl T 0B 028 s 041
% Bale ! —t D050 +0.21 +0.06
= Average ! i - : 039+ 017 some of recent QCDF estimates
- BaBar 1S4 ¢ D5B:0.10+003 sin2p’, —51112[3
%ﬁ Belle : . i 0B4+00£0.04
2] Average ! i g ; 084 L 0.07
T BaBar T T T T T G Y0 £ 004
" Belle e i 0.800.32:10.08
e Bveragel i 0.58+0.20 |
AL BaBar : y -}aanmzﬁ, .08 |
= Belle . i
= Average ;
" BaBar T ———

_Average:

x mm Naive average of all b = s modes
.;._.aﬁ".i;'ﬂ'fa n2Rt = 0.56 + 0.05

___ﬂverﬂge .. SR 0.9+ 0.18
BaBar [ T OTEE071+0.08 |
Belle ! 04740409+ 0.00

(was 2.6) btWIl

2.10 deviatio

VS ) s el Ly '@iﬁ-ﬁi%ﬁ'gfi" qq and b = ccs
Belle I~ 0.68+D15+0.03%5
i : Average : 5 | | j ::I.?:*.:EII.J_J":-I
2 1 0 > > New PhySiCS 1?
Even deviation of ~ few deg indicate NP Need More Data !

Sinha: Misra: WSH: PRL 97: 131802 520065



Box/EWP Sensitivity to 4th Gen.

v. a less sensitive (No New Operators)
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An(KT) ~ =012, Ap(K'm0) ~ +0.04 ?

I/;sm"b —
T'sh
— - —- my=350Gev 093
0.02
——— my =300GeV ]
0 90 180 270 360 VesVeb ~0.04
¢sb
= 4-(K'n) almost independent of t’
& Acp(Kn°) — Acp(Kn) > 0.1 demands | | 5rqe

* P ~ 72 Effect
* Large m- and rg,
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4 x 4 Unitarity = Constraints

d B b b’

C12€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 €XP [_"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 — Psb)] —24 512 513 523 €XP [ighup) €13 €34 523 +c12 €14 €23 524 €XP [idss)
+512 513 514 523 524 €XP [—i(Pap — Psp — iPup)] —€13 523 S24 $34 €XP [—i¢@s) —C14 512 513 523 524 €XP [i(Dss + Pup)]
—€13 €24 514 523 934 €XP [—idas] +c13 14 €24 523 834
—€12 €14 €23 813 €XP [ich,y] —c12 €23 513 514 €XP [i(Pap + duws)]
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(Dsp + Pus)]
+4-c12 814 823 524 €XP [—i(Pap — Dsp)] —€13 €23 824 $34 €XP [ihs)] —€12 €14 823 824 €XP [idhs)
—C13 €23 €24 $14 534 €XP [—icpay] +c13 €14 €23 €24 534
t, \ —c24 €34 514 X [—ichas] —ezf s2a Py [—ids] 534 €14 C24 C34

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

ViiVia = caacignian g b P Vi Vi, = c34504534€"Psb
Kaon 2”"(}!3 \E’Ed D bos =Tgp
2
, TdsS ;
VigVie = €04C34514534€ Pdb = %&ez%b _

F(Z = hadrons) b—d

= = im 824 = 0.22 ~ Vs
[Vi® + 3.4[Vy/2 < 1.14 for my = 300GeV = s34 < 0.25

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

- Ampg /AM/ A0 0 George WS.Hou(NTW) — |CHEP'O6, 7/29/06 49 |




Constrain s <> d from K Physics [\

BR(K+ . 7r+ylj) _ (14 7+13 0) 10_11 8 ‘L [ [ \ T T T i I [ %»
(shaded) |: °
BR(K; — ptu )sp < 3.75.1072 Re-1.2 Re-2.2 .
6 % &\ g=1.2 Rg=1.1 |
% /
exr = (2.284+2 % 0.014) - 1073 S % \ |
| ' )
e S O
— =(166+2x16)-107% ¥ : :
€ |
Rg = 1.2 (E. Pallante et al.) 2 §6:1-0 2 §6:2°2 ![' i
_ _ “ " I g=1.2 § Rg=0.84 |
Rg =0.7-1.3 Standard 7 %,‘,ﬂ_%’ |
R6=2'2 (J_Bijnensetal_) OTH\H\H\H\HMMH\H\HMMH\HJT
Rg=0.8—1.4 No SM3 solution ° 60 120 180 240300 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 50




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 I LU I I I I I I I e L]
? \'h\\\\l\ \ \ \ \ \ \ \,,\: :\i\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘\\‘\\‘:
0.65 = B
= Fg\/Bg =246MeV : 0.78 F .
7060 |y | - g 0.76 | =
2 g S~—=-- . ok E
Biooss | 3 N ] R
o F [ ] E 0.72 | I -
£ 05 |9 f g N 9.70 | I |
| & ™™ = . K .
< g S| Fs\/Bp=208MeV 2= - : vad
0.45 |- — 0.68 | )
- | S > 1 N | S ]
IR A A = AN RN ‘I“H‘H“I“H“““““H“‘H L
L] L]
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
Amg /Amp/ A George W.S. Hou (NTU ICHEP’06, 7/29/06 51




