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|I. The Lore that Despairs the Experimenter
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4 Dispair
\ talk/by Paoti Chang (Belle)

The Belle Collaboration™®

Equal amounts of matter and {

imatter are predicted to hawve
ut our observable Universe is
the prerequisites' for under-

been produced in the Big Bang,
clearly matter-dominated. One
standing this elimination of an
of charge-parity (CP) symmetry,
have been observed in the neutra
systems: CP violation involving

have been observed in the neutral] K meson (K ) and B meson (B3
systems: CP violation involving[the mixing® between K" and its
antiparticle K” {and likewise®* figr B"” and B"), and direct CP viola-
tion in the decay of each mesonf *. The observed effects for both
types of CP violation are subsfantially larger for the B" meson

antiparticle K (and likewise**
tion in the decay of each mesao
types of CP violation are subs
system. However, they are sti
model of particle physics, whichl
tion that is known to be too s
dominated Universe. Here we re
in charged B*— K*n" decay isdi
counterpart. The direct CP-viola
(that is, the difference between th
event versus B' — K x" events,
events) is measured to be about
reduced by a factor of 1.7 from
ever, the asymmetry 4,1 .+ for
the —10% level™. Although it i
effects that need further clarifi
CP violation between charged
be an indication of new sourc
help to explain the dominance

system. Howewver, they are still consistent with the standard

model of particle physics, whidh-has a unique source” of CP viola-
tion that is known to b L to account for the matter-

in charged B*— K=" decay is different from that in the neutral B”
counterpart. The direct CP-violating decay rate asymmetry, A+ o
(that is, the difference berween the number of observed B~ — K "
event versus BT — K " events, normalized to the sum of these
events) is measured to be about +7%, with an uncertainty that is
reduced by a factor of 1.7 from a pnr:viuus measurement’. How-
ever, the asymmetry Ag: .+ for B’ + K n" versus B" =K' 'x_isat

the —10% level ~. Although it is susceptibl 'nl:-n:ra-::Liun

effects that need further clarification, thi n direct
CP violation between charged and neutral Bmeson decays could

be an indication of new sources of CP wviolation—which would

help to explain the dominance of matter in the Universe.
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Challenge

Sakharov (1967)

aryogenesis 1?

o S
Kuzmin, Rubakov, Shaposhnikov, 1986

Antimatter — Matter if:

(1) Proton Decay
(Baryon # Violation)

(2) Matter-antimatter Asymm.

(CP Violation)
(3) Out of Equilibrium

v

Too Small |
EWPhT a crossover |

(not strong enough ...)

Particle Physics '@‘ Astrophysics




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

/Q—fmetry predicted by the KM modehs

en orders of magnitude too small.

CPV for BAU
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tha pas 20 years, the theorles of the weak and
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a1 this bads have passed numeron s rigomus
coprRigenial tests, The mathematlcal form
af thesa thiwles allows Iittle space for Intar-
acton s that treat Prastldes and antiparticles
diifarantly.

And yet the Universe, as far oitaswe can
s, 15 made of matter, not of ankimatiaT=_ag
oo o dgnals of the matler-antimalter annl-
hitkation that would happsen cn the edgs of our
lovizl regiom I anhy this reglon wers dimilnated
by matbar, o did the nitial con ditlons of the
Big Bang perhaps conlain more matter than
antlmattert 1t 1s poss bla. Bul in nflationary
cosmalogy, the modal that has succestully

prm: 8 shown here frag i i
e dlagram of weak quurk ||1|x||||_1
interaclions, quarks change lype by exchanging
apair ol particks, o example a ey tap
cquark and i ¥ boson, theintermediary of the
watk force. Here, a B mesan (quark content
dbi covertsinto a IV (Bd). &, In a penguin
process, the change alquark ype cccors viea
paricle loop, which canneclzviaa hoson fwavy
line; a gluon, g, gives a ‘srorg penguin’; a 2
an ‘electroweak penguid; yis aphotony oa
Iurber partick. Here, loresample, a B or B°
could e decaying inte a K™ (0s) or K- {ds}, plus
raiddditional u or o quark that com bines with
the nordsglicperkin the Bmean, The other
end product iswa_partide, which Gin beve
quark conlenl umor doNg both penguin and
o prscesses, Lhe partick s yasented by the
hsevy lines (squarein 2, cirde in & 2eudkd be e
vel-undiscovered exolic partick= Recent 1 5
Trcars Hlwa [l Lt -

1 . ..
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the Unjverse,

al iuark fwera known:
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the heavy pottam (b
1= astoundipg sucoess
At specific experiments
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o Kiobayashi- Alaskawa
The Idea, propcsed by
Lo Experiments o siled be
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-||!~'¢mlnnnu|'|1- ElLrons
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Bar and Bl reprisd
fa K30 asymmetrs\in a

alncathen, addenca accumulated by Bapar
and Palle, in a data set of more than 1.2 Ril-
ln B-mason decys, bas boen used o fx the
twocrucal paremeters of the KX theory tosn
gocuracy of aboul 5%, Complemant ary m
surements from obher processes invalvin
B mesans " hava comfirmed these param-
alors Lo accuracles of bebwioen 10% and 20,
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
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 tn calcula-

Liens af thie cosmle - e ar axcess. The degres
of asymmetry prediciad bythe kM medelisSant. 4. 2008 7
fen orders of magtl ttude oo small,




KM ~ 107

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

J Q3 I ST Ty ; 7 2y o3 .
(my —my Jimy —m; i (ny, —mylimy, —m

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

Masses too Small !

m,)A

Small, but not Too small
-5 . in SM :
A ~3x10™ is common (unique) area of triangle

CPV Phase
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@) Heavenly TH

“ Affleck-Dine”, SUSY etc.:
Extra Scalars (strongly) coupled to H?
Y

More Scalars!
L eptogenesis.
Heavy M ajorana Neutrinos
¢ LFV/CPV Decay
@ B/L Violation (“EW Baryogenesis’)

Popular! Driving 0,5 study for neutrinos.

But, “Heavenly” — Could be(come) Metaphysics
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Saga Towards Belle Nature Paper ...

A~p(B - K*70) Sekal

— — 90 — 90
2/5M BB 2 sof 2 sof ‘o
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New B 60[ B 60F
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0‘_ - o .‘ o 0;:.--1"" N . ‘,__._|
-0.25 0 0.25 -0.25 0 0.25
AE (GeV) AE (GeV)

Acp(K#z2?) = 0.04 £ 0.05+ 0.02
hint that ACP(K+7[_ ) # ACP( KZz?) ? (2.46) [also seen by BaBar]

. d
L arge EW penguin (Z°) 2 5;;“< - 7
New Physics ? .

| CHEP 2004,)Beijing



. Belle 2004 PRL: Seed I

Y. Chao, P. Chang et al.

@

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-
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
N 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

Ly =)
o

BELLE

S

[16] A.J. Buras, R. Fleischer, S. Recksiegel, and E Schwab, @

hep-ph/0402112; V. Barger, C.W. Chiang, P. Langacker,
and H.S. Lee, Phys. Lett. B 598, 218 (2004).

CPV for BAU George W.S. Hou (NTU Beyond 3SM, Sept. 4, 2008 11



- Wisdom from Peskin -

NEWS & VIEWS

MATURE|Vel 452|20 March 2008

b quark or its antiparticle. The lighter d or d
does not participate. Given this fact, one would
expect that replacing the d or d in the B meson
by the similarly light u or @ would produce
the same asymmetry. But Belle observes that
the equivalent decays of the mesons correspond-
ing to those quark compositions, B* - K*n” and
B~ = Kn’, have an asymmetry of the opposite
sign. Together with the same asymmetries
recently announced by BaBar®”’, the effect
has a statistical significance greater than five
standard deviations — the ‘gold standard’
of particle physicists for proof that an effect
is real.

Unlike the decays of the neutral B mesons
B’ and B”, the decays of the charged B mesons
B*and B~ produce two u quarks or antiquarks.
This means that other processes that preferen-
tially produce u quarks rather than d quarks

are admittedly other possibilities that might
explain the anomaly in the asymmetry: a direct
weak-interaction decay process, the so-called
colour-suppressedcontribution, also has the
required pmpertief this contribu-
tion depends on the quarks involved. In decays
of mesons containing the ¢ quark, it is substan-
tial. For the heavier B mesons, however, it is
indeed expected to be suppressed.

I'he new results™™ are not conclusive, but
they are tantalizing. They might be due to prop-
erties of standard b-quark weak interactions
that we cannot guite vet estimate precisely,

but it is equally possible that this is the first
hint of an entirely new mechanism for
particle—antiparticle asymmetry. In the next

I:)EW

. CPV for

might affect the asymmetry. The electroweak
penguin is just such an effect — but to alter the
asymmetry, thi st differ from the
standar ‘ vhich affects
the decay rates symmetrically. A contribu-
tion from axCexotic loopis required. There

few years, these ideas will be tested, both
through the analysis of the huge Belle and BaBar
data set, and from the hunt for exotic particles
at the LHC. We do not yet know whether it is
penguins or even more unusual creatures that
produce our Universe made of matter and
not antimatter. ]
Michael E. Peskin is in the Theoretical Physics
Group, Particle Physics and Astrophysics

)08 12



Peskin (private communication)

“I must say that | am very skeptical that the new Belle result is new
physics -- a larger than expected color suppressed amplitude is an
explanation that is ready at hand. On the other hand, | felt that it was
necessary to push the new physics interpretation when writing for the
Nature audience, people outside of high energy physics, because this
is why the result is potentially newsworthy.”

- ¢cPviorbnyw - (George W.>. AHou (NTU)  Beyond aSM, sSept. 4, 2006 15 |




1. Going up a Hill ... and (maybe) Becoming a Mountain
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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 {C 5y, Lb) Ty, L) — si (Fy +2C7) (5y,Lb )Ty, 1)
— s F5l5i0,,(q./q*) (ms L +mp RIB) Ty, 1)}, (1)

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

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 ! dimensions
2

ST o VN IE T R 7

C=C7+C i L S 14 Z (3)

— — — 3 I,‘{Ij -2) 3 x 2

D,=D{ + D™ = Inx + = ,

(=EETE 4 Go—-12 T -1 OKGF GF “)
wherand m; is the internal quark mass. The important feature of Egs. (3) and (4) is the term x;/4,8
1073 ey —
It 2 . — b0 s
it “ _a[ ~"-b—sv¥ -
b u,C,t, s - 10 F py/
- * 3 &
'Y,Z l, le W:ﬂ'# :. f},f
o 0, v 210 %L
b W LY - f.-‘ .
e [ nondecoupling
= [
W ID-E P | L 1
— — 25 100 500
q q my (GeV)
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Decoupling Thm: Heavy Masses are decoupled in QED/QCD
" Appear in Propagator

o
Nondecoupling: Yukawa Couplings Aq Appear in Numerator (\3(0\0

Subtlety of Spont. Broken Gauge Th &

. eFVIOrbAUL (George W.o. Aou (NIU) — pBeyond ooivl, cept. 4, ZUVUo 1/ |




Going Up a Hill ...
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- My first B paper -

... also on 4th generation ©

VOLUME 58, NUMBER 16 PHYSICAL REVIEW LETTERS 20 APRIL 1987

Implications of a Heavy Top Quar@rth Generation>

on the Decays B— KI Y1, Kvv

Wei-Shu Hou and R, S. Willey
Department of Physics and Astronomy, University of Pitisburgh, Pitisburgh, Pennsylvania 15260

and

A. Soni

Department of Physics, University of California, Los Angeles, Los Angeles, California 90024
{(Received 12 November 1986)

We point out the importance of the Z and box diagram to the decays B— KI*/~, Kvv. The rate for
B— Ki*I1~ grows rapidly for internal quark masses > 100 GeV. With three generations and 25
GeV =m, £200 GeV the branching ratio ranges roughly from 10 7% to 10 7%, With four generations,
this rate could go up another order of magnitude. The mode B — Kvv typically has a higher branching
ratio, but is harder to detect experimentally. The rare B decays combined with information from
K — mvv studies may provide a test of the symmetry-breaking mechanism of the standard model and/or

evidence for a fourth generation.

. C¢PVfiorbAU (George W.S. Hou (NTU) Beyond 3SM, Sept. 4, 2008 19




- N, counting? 4th “neutrino” heavy P.Q. Hung
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 basis
' ameter alone, corresponding to Np = 2,581 + 0.24 for the number of families.
assumes that there are no new contributions to 7" or [7 and therefore that

il ilies are degenerate. In principle this restriction can be relaxed by allowing

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

s well, since 17 = 0 0s expected from a non-degenerate extra family. However,
S Mrently favor T < 0, thus strengthening the exclusion limits. A more detailed
¢ --{h‘]llit‘u-rl il the extra neutrino (or the extra down-tvpe quark) is close to

Sahiss 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

George W.S. Hou Beyond 3SM, Sept. 4, 2008 20




-

XN AA=A,

b-
+Tc0 - AK+TC— ~ 15% and PEWS

0.05 LO PQCD @ 4th Gen WSH, Nagashima, Soddu, PRL’05

o AA = 12% vs 15% (data) d _,
-0.05 | T
g -0.1f d
—0.15 ¢ m, =300GeV
~0.2 | o/ , , - _
oos b TSt (illustration) = = K
0 90 180 270 360
¢ rss = 0.03: red, dash
S 0.02: blue, solid
NLO PQCD & 4th Gen. WSH, Li, Mishima, Nagashima, PRL07 ~ O-01F 9reen. dot-dash
Joining C & Pew
0.05 | -~ A4 = 15% AS = -0.11 -vs -0.34+0.2x
. : ot . | (data)
0 b 22f~~~3y g+ Both AZ and AS in Right Direction ! E
7~ o7 ; 0.8 | 3
g O"\’ 0.5 ; ; ........ SM3 Input
0.6
;\ O5i “““ L, L L, L, L ;
0 60 120 180 240 300 360 0 60 120 180 240 300 360
Cbsb Gsp
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human ants

Recently ... (/maybe) Becoming a Mountain
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SN Conolusion

New Physics in Amg,, Amp, and A4(B* — J/yK™")
| Intro: SM Reigns (?)
Flav ' jon (?1)

Il LLarge CPV in B, Mixing sin2@p,~—0.4 - 0.7

Amg vs B(b—sSl) & Mg, AS

Unitarity link to K/D
Il D Mixing Prediction
IV DCPV in B* — J/yK* Ajjy+~ couple % ?
V Conclusion

A4

coworkers

M. Nagashima, G. Raz, A. Soddu
[H.n. Li, S. Mishima]

- Amg_/Amp/ A



M
o° ’

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

Sign Predicted |  Sure thing by
Ij ——LHCb ca. 2008
S

in2®g_~—0.4 - 0.7

\

60 120 180 240 300 360 Despite Amg, B(b—s(l) SM-like
(D WSH, Nagashima, Soddu, PRL’05




-;in2¢BS~ -0.5--0.7
S

WSH, Nagashima, Soddu, PRD’07

arXiv:0712.2397 [hep.ex]
CDF Run Il Preliminary L=1.35fb"

0.6 — 95% C.L.
2] T — 68% C.L.
<= 0.4 — SM prediction

Observable 68% Prob. 95% Prob.
on.["] -19.9 + 5.6| oS¥em—am =T — sinzq)BS= 064 =7
UTfit 68.2 £ 4.9  [-78.45,-58.2] : 1
Incredible !)!

arXiv:0803.0659 [hep.ph]

P\/ for BAU George W.S. Hou Beyond 3SM, Sept. 4, 2008 25



More breadth/depth tomorrow



Capital Reef National Park
(c) Wally Pacholka
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| B.A.U. from CPV in KM ?

, Do (5.1103)x107°
7 / WMAP

Why? Jarlskog Invariant in SM3

J Q3 I ST Ty ; 7 2y 7
(T — g ey — My, —mym

Normalize by T ~ 100 GeV =——>

in SM

KM ~ 107
Too Small in S‘I\N

(need 3 generation

n KM)

J/T2 ~ 10720

Masses too Small !

A ~3x10™ is common (unique) area of triangle

CPV Phase
‘/\ _________________________________

CPV for BAU George W.S. Hou (NTU

Beyond 3SM, Sept. 4, 2008 30
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\\ R,

n N, +0.3 -10 1 CQ\‘.
=0 n—=(5.1_0_2)><10 KM ~ \)(S(\_|

y y WMAP Too @“oAn in SM

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

J Q3 I ST Ty ; 7 2y 7
(T — g ey — My, — My )My

Providence

WSH, arXiv:0803@1eplph] ﬂ @

o = (m% —m?)(mi —mi)(mi —m?)(mj

9 2 !
mz [ m; My
B ' b ] 10+15 |
~ — L U J ~10t15 Gai
m? (mf ) mim? amn
m - oAiv s cuny \uriigue ) dred vl 1rianyi

'S Only fac. 30 in CPV per se
MI-.-‘-.

é Gain mostly in Large Yukawa Couplings !L|_4 Nature would

likely use this !?

L —m2)(mi — mi)(m; —

CPV for BAU George W.S. Hou (NTU Beyond 3SM, Sept. 4, 2008 31



‘Gain mostly in Large Yukawa Couplings ! ‘

Vudvljb
VUSVub

O

quadrangle from

comprehensive study
WSH, Nagashima, Soddu, PRD05

VisVip

"Té).:a.--ﬂ = ('”*'?* —m?) ('”*"f* - '”*'f)(’”?f - '”*E)('”fﬁ — '?Hf')(m}j; -;rnf)(mf —m?).

2 2 1
T TH s
|II ¢ - b °
~ — J ~ +15
2 (_”32 l) 212 / 10 Gain
~

m,, m, =300GeVv 10+13 Only fac. 30 in CPV per se Q

~600GeVv 10+15
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V. Towards Solution of BAU



-

" CPV for BAU:

@

2-3-4 Dominance

Jarlskog'85, 3 generations
Im det [m. oaml.om d-m.{'f}

S S’
4 generations: 3 indep. phases

long and short

. >2—

d-s degenerate
(on v.e.v. scale)

Jarlskog'87, n generations
Imtr[S,S']’

“3 cycles”

also Gronau, Kfir, Loewy ’87

>

3-4 generation only |

Effectively 3 generations

T o == (mi —m2)(mi —mi)(mi —m?)(mg, —m?)(my, — mi)(m; —m?) A3,
N m? [ m? 1 my A, ;
m? \ m? mam? A
J(1,2,3) very small

George W.S. Hou

Beyond 3SM, Sept. 4, 2008 34




I 4 generations: 3 indep. phases

Vudvljb measured
%
b—d VeV

) Vcd Vc;kb

iIndep. phases

emergent

b—s

If VysVup Shrinks to a point

J

Difference in area
for b — s Small

t’b

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

Q

2nd argument that 323’4) is predominant CPV

CPV for BAU George W.S. Hou (NTU Beyond 3SM, Sept. 4, 2008 35




1st Order EW Phase Trans. for BAU ?

Ran out of time, and knowledge ...

(perturbative)
* Fok & Kribs: Not possible in 4th generation arXiv:0803.4207 [hep-ph]
* Conjecture: Could,Strong Yukawa’s,do it ?

talks by Bob Holdom e
& Leandro Da Rold, Beyond Unitarity Limit

also A. Soni A fourth family ...

o sequential fourth family (with a heavy o) with at least some CKM mixing
o pair production and weak decays of the fourth family quarks
pp — T — WHW -t
and for
pp — b — WHW—i Holdom

o since colored fermions are involved, cross sections are decent at the LHC

. and no light Higgs
o suppese { and ¥ masses are in the 600 GeV range

# then the Goldstone bosons of electroweak symmetry breaking couple strongly
to these quarks

s strong interactions will unitarize WHW scattering

CPV for BAU George W.S. Hou (NTU Beyond 3SM, Sept. 4, 2008 36




V. Tevatron/LHC Verification



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 38

But 2009 looks interesting !
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Tevatron Juan Fernandez (CDF) CDF Run 2 (2.8 fb")
. “— - ” 2 ik Preliminary |
* sin2dg_ “Evidence” by 2010 ? S 1 t—Wg, > 4jets | 3
= = | Hyvs M
= | T reco
3 . t
* t Search Ongoing: 2
mt1 > 311 Gev @ 95% CL 01F  range of observed
- expected 95% CL
talk by Alison Lister (CDF) - upper limits
also, Regina Demina (Dzero) i theoretical prediction
Bonciani et al.
200 300 400 500
t' mass (GeV/c?)
LHC Vincenzo Vagnoni (LHCb)

* sin2®p_“Confirmation” — “Easy” for LHCb

* b’, t' Discovery — Straightforward/full terrain

talks by Erkcan Ozcan (ATLAS)
Yuan Chao (CMS)
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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.




Universe (Genesis)

Earth (EW + KM4)
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Effective b - sHamiltonian and t’ Effect

A+ Ae+ =0 —
—3 ’ ':> At = —Ac

Gp
Hoe = 73 Au (C101 + C202) + > AcClO;
i 1=3 i
VieVip
§o----dslth .
AT g
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My, =< [ Bpg, VA8 (2,8) + 24, S (2,8) = Sy (LD)]
+ IS, (t,8) =28y (6,8 ) + Sy (191}
GIM Tespecting
Gp

Her = 72 | 2 (C101 + C202) + Z (ACt Dy (CY — CDYO
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Consistency and b — sy Predictions
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@) 4 x 4 Unitarity = Z/K Constraints

-

Vél;KM il “Typical” CKM Matrlx WSH, Nagashima, Soddu, PRD’05
/ 0.9745 0.2225 0.0038 ¢~ 290" (.0281 &% 61° \
—0.2241 0.9667 0.0415 0.1164 ¢
0.0073e "~ 0.2168 ¢~

0.9688 /

\ C0.0044 ¢

d\(_/s Z — bb
A Satisfy b — d: \/
. _-7y Cannot tell triangle
b—s VtSth - I from quadrangle > d
%k
P VeV i
- / *
VJSVub F I x ~ 0.22 ’dvtlb
* *
VCSVcb Vchcb
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Results with Flavor Tagging W\

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

Do L -0.57 12

Dg™ :L_EH -0.46 + 0.29

coF SiBdsI i 1.36 & -0.24

coF L 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|||
-3 -2 -1 . 1 2 3
bg (radlan}

FPCP Taipei Taiwan May 5 - 9, 2008 Derek Strom Northwestern University 26



Same-side tagger NOT yet
used in second half of
sample. PID calibrations
still to be finalized.

+ | Equivalent to reduced
' 5" sample size 2.8/fb > 2/fb

528 53 532 534 536 538 54 542 544 546
m (J/y 6)[GeV]

t

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

Once the SST will be calibrated have:
+20% signal events — by using PID info in selection

x3 tagging power in second-half of the sample
ICHEPO08 - July 31, 2008 D. Tonelli- Fermilab




|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
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& (F_ and) A (and A1) favor the "opposite-sign C; model”
Elgen at FPCP08
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&> TInstead flipped C, ...
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s s
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x = Am/T" ~ 1 - 3 plausible

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

N.B. SM LD could generate
y~1%,x=y
¢d_b [Falk, Grossman, Ligeti, (Nir,) Petrov]
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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 53




Implication for B(K; — 7TOI/I7)

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

Very hard to measure

- +—B(K; - %) ~3 x 10711

|
-t m o T T il el Sl
[ ]
|
0 ®" 60 120 180 240 3@0 360
: & i SM3
- ds u
- | |

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




4 x 4 Unitarity = Z/K  Connections

11 “Typical” CKM Matrix (Too)

/ 0.9745 0.2225 0.0038 ¢~ %60
—0.2241 0.9667 0.0415

. 0l
25"

0.0073 e~ 725" —0.0555 ¢ 0.9746 0.2168 ¢~ 1"

\—0,0044.5—?‘1“0 —[LHBG@ —0.2200 0.9688 /
Data Driven

c d s b u [ b’ u
W W ‘W W

—i— i — ;‘—L-—.-nmq.m - — -~

H dvh T " b’ T

SM LD NP SD
@/c*d +VysV W Vg Vep|=0

—0.218 10215 +0.0033e ™%










