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l. Intro: AS, AAy..




b & s CPVPhenomena Is Current N® Frontier

TWO HIHTS ¢ Sf In b - Sqq TCPV Mixing-dep.
® Ay .-~ Ay 0 Puzzle DCPV Direct
* AMg,
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PRELIMINARY
b—>CCS World Average | e.68‘i 0:03
0K Aver;age ' '—*—:-' 0.39+0.18
n'K Aver%age :—*— 0.59+0.08
Kg Kq Kq Averiage l—ir— 0.51 +0.21
1 Kg Averege '—*—:' 0.33 +0.21
0’ Kg Averege * : I 0.17+0.58
o K, Average ' '—1— 048+0.24
f,K Average '—*':—' 0.42+0.17
nf’nﬂKS—Aver;—ige ! 0.84£0.71
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Smaller than b—ccs
in all 9 modes

some of recent QCDF estimates

Theory Expect
3in? ¢ls-penguiri
> gin?2 ¢lcc(bar)s

sin2 B — sin23
: ——

AsIN2pB

New Physics !?

Naive average of all b = s modes

sin2Beff = 0.52 =+ 0.05

2.6 0 deviation btwn
b = sqqand b = ccs

Need More Data !
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PRL 97. 131802 (2006) PHYSICAL REVIEW LETTERS 29 SEPTEMBER 2006

Has New Physics Already Been Seen in B; Meson Decays?

Rahul Sinhm' Basudha Misra' and Wei-Shu Hou?

YThe Institute of Mathematical Sciences, Taramani, Chennai 600113, India
Eﬂepurl‘mfm of Physics, National Taiwan University, Taipei, Taiwan 106, Republic of China
(Received 5 June 2006; published 28 September 2006)

We show in a model independent way that, within the standard model, the deviation in the measured
Bﬂ — Eﬂ mixing phase caused by pollution from another amplitude is always less in magnitude, and has
the same sign as, the weak phase of the polluting amplitude. The exception is to have large destructive
interference between the two amplitudes: any deviation larger than a few degrees is only possible if the
observed decay rate results from fine-tuned cancellations between significantly larger amplitudes. This is
unlikely given our understanding of B decays. Even if the deviation reduces to a few degrees in the future,
new physics would sull likely be implied. }

DOIL: 10.1103/PhysRevLett.97. 131802 PACS numbers: 13.25.Hw, 11.30.Er, 12.60.—1
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Acpon B — Kr

B — K ™ Belle
§ ‘ A ‘ Eﬁgﬁg E 1000 --‘ ------- mg.._._ll,._._ %"m CDF Run I Prini:_r.y;mﬂfb"
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_01'1 . 6 . 01'1 AE (GeV) AE (GeV) E
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R erian e GOV
Acp = —0.107J_r0.018J_f8:88471 —0.093x0.018+0.008 —0.086*0.023+0.009
e World Average including CLEO: Acp(K*n~) = —0.097%0.01 AﬁKn
o Acp(K*r?) =+0.04710.026 = AA(Kr) =-0.144 * 0.029
e Need to explain the deviation. Hadronic effect or new physics?
U
o A(K'7%) = —-0.124+0.11; S(K°z") = +0.33+0.21 = Super B factory!
FPCPO07, 15 May P. Chang Rare Hadronic B Decays 6



Why A4, =Ax. .o — Ag.,- >0 a Puzzle ?

—-9.5t1.3% +4.712.6 %

M(B® = KT717) oc (T + P) =[re'?3 4 ¥

>
V2Mpg 0 — Mpq — (Pewy +C)

C': color-suppressed tree (a»)

A/qKn ~0 eXpeCted Pevw: EW penguin (a7,9)

Large C ? > Suppress Tree CPV Phase




Kz decays: direct CPV asymmetries QuUtl00K/Golutvin/FPCP0O7
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World average (including CLEO, CDF): Acp(K*r~) = -0.093 £ 0.015
Acp(K+n0) = 0.047 + 0.026

Direct CPV asymmetries in Kzt and K*z° channels differ by 4.4 &

Various interpretations (unlikely to be a “puzzle”)|:
» factorization in SCET (see Mike Gronau, lain Stewart,
» Large color suppressed tree contribution Hsiang-nan Li)

» pQCD NLO




_ DCPVth/Gronau/FPCPO7 |

ACP(KJ“ND) 7é A@p(KJr?T_) puzzle?

Acp(K 777 ) = —0.097 £ 0.012 spectator d
difference = 5o
Aop(KT7") =0.046 £0.026  spectator u

AK 7 ) =P+T+... V2A(KT7"Y=P+T+C+... (next)
This would be a puzzle if |C'| < |T| but not if |C'| ~ |T|
QCD calc. and SU(3) fits (excl. these asym.) find |C'| ~ |T]

NO PUZZLE Really?

Implication of 2 different asymmetries: Arg(C/T) < 0 large
seems like a difficulty for QCD-factorization/SCET

FPCPO7 — p.12

-~ Vision Rareb &s/CP¥V  George W.S. Hou (NTU)  05/24/0/7, NTHU 11 |



| e | scET

(v = 83%) (y = 597)

Data in Fit
S(ztr7) | —050+£012 | —0.50+0.10 | —0.51 +£0.10
Clzt=") | —037+010 | —0.37+0.07 | —0.38 +£0.07
Br(xta ) 5.0+04 50+2.0 16 +1.8
Br(rtx “] 5.5+ 0.6 55 +2.2 7.3+29
Br(="=") 1.45 4+ 020 1.45 +0.58 1.32 + 0.53
Br(K°z7) | 241+13 241+ 1.2 241 +1.2
A(K=*) |-0.115+0.018]-0.115 + 0.023|—0.115 + 0.023
Br(K"K™) 1.2 4+ 0.3 1.2 +0.5 1.2+05
Predictions
A(rta?) 0.01 + 0.06 < 0.05 < 0.05
A(x"7 ) 0.28 +040 | —0.48 +£0.19 | —0.52 +0.27

S(="x™ 0.84 £0.23 | —0.14 + 022
Br(x="K") 11.5+ 1.0 104+ 1.1 10.9 +1.2
Br(ztK—)| 180%0.7 24.0 + 2.1 22.5+2.1
Br(="K—) | 12108 143+ 15 12.7+1.4
S(x"Ks) 0.31 £ 0.26 0.77 +0.16 0.76 = 0.16
A(7"K ™) [=0.183 + 0.075|—0.184 + 0.076]
A(K"%") —0.02+0.13 | 0.103 £ 0.058 | 0.083 £+ 0.047
A(x K"y | —0.02+0.04 < 0.1 < 0.1
Br(K"K™ | 0.96+ 025 1.1 +0.3 1.1+0.3
Br(K+K—)| 0.06+0.12 < 0.1 <01
A(K"K ) <02 <02
A(K K™ < 0.2 < 0.2

The CP asymmetries

S(nom?) t 4
Andnd) b —a——r .
AK ) t —— _o2®
AR ) | D v=83
AK ' n9) t
SKn)p '
AK ™) fitted
Crm)t  —— s Theory
S(Tr™) b —a— ~  Data
F ,l d -0.5 -0.25 0 025 05 075 1.0
atie The CP asymmetries
S(nm?) 4 T=59ﬂ
A(mOw?) . - -
AK 70t
AR ) t
AR ) |
E(I\ﬂ T[ﬂ} B . —h—
AK n") fitted #
C(m™m) ¢ — »  Theory
S(mm) —h *  Data
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_ DCPVth/Gronau/FPCPO7 |

ACP(KJ“ND) 7é A@p(KJr?T_) puzzle?

Acp(K 777 ) = —0.097 £ 0.012 spectator d
difference = 5o
Aop(KT7") =0.046 £0.026  spectator u

AK 7 ) =P+T+... V2A(KT7"Y=P+T+C+... (next)
This would be a puzzle if |C'| < |T| but not if |C'| ~ |T|
QCD calc. and SU(3) fits (excl. these asym.) find |C'| ~ |T]

NO PUZZLE Really?

Implication of 2 different asymmetries: Arg(C/T) < 0 large
seems like a difficulty for QCD-factorization/SCET

FPCPO7 — p.12
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T
7 sin dgr Sin A (10)
te
-f1_i -.:”I
lop(—+) = =2 2% SN O SIN7Y — 2 |=——|SIN ¢ SIN 7Y
te tc

where . 18 the strong-phase difference between " and
P{., we see that a large value of |(”| can give the cor-
rect sign for A, .(—-+) when sind. has a different sign

from sind,. This 15 confirmed numerically, A good Baek- London heP Ph/0701181V2

fit is obtained: 2. /do.f. = 1.0/

, - min/ ) Thus, as ex pec ted. a good fit 18 found oniv if the NP 1s
|P'| = 47+1 eV, |J' | =8.14+35eV, || . the for /scomb (i’
6o = (1542 10)°, dor = (—154 £ 7)0.| T the form of AR, o
o1 = 1_(&”_;415 roquired (we strd  1his 1s the same conclusion as that found in Ref. [7].

Thus, not only 18 the B — 7/ puzzle still present,
but 1t 1s still pointing towatds the same tvpe of NP,

Alseombei®t L () (this corresponds to NP in the elec-
Neubert@FPCPO7: troweak pengnin amplitude). For this (good) fit. we find

Just a fit, cannot sustain| [77/P'| = 0.09, |A"comb /P = 0.24, &' = 85°. We there-
from Compufqﬁon. fore find that the NP amplituce nmst be sizeable. with a
large wealk phase.

I'm in agreement with Baek-London.

And this is the start of our Vision ThinE.




Why A4y = Ay .o — Ag.,- >0 a Puzzle ?

—9.5+1.3% +4.7£2.6 %

M(B® = KT7n7) oc (T + P) =|1¢'%3 + '

5
\/§MK-I—7TO — M4, - X (}DEW ‘i"és

C': color-suppressed tree (a»)

A/ZlKn ~0 eXpeCted Pew: EW penguin (a7 9)

Large C ? > Suppress Tree CPV Phase
Large(EWPenguin|? ——> |Need NP CPV Phase
' " T and Pgy
d
; _ ~ same strong phase
B- b > 4th Gen. in EWP Natural

a T K Why ?




4th Generation I?




4th Generation Still?

* N, counting? 4th “neutrino” heavy
Massive neutrinos call for new Physics

Despite MiniBooNE ruling out LSND.




4th Generation Still?

* N, counting? 4th “neutrino” heavy
Massive neutrinos call for new Physics

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

An extra generation of ordinary fermions is excluded at the 99.999% 1. on the basis
ol the 5 parameter alone, corresponding to Np = 281 £ 0.24 [or the number of Tamilies.
This result assumes that there are no new contributions to T or {7 and therefore that
any new families are degenerate. In principle this restriction can be relaxed by allowing

July 14, 2006 10:57

10. Electroweak model and constraints on new physics 37

T to vary as well, since T" > 0 I8 expected from a non-degenerate extra family. However,
the data currently favor 7" < 0, thus strengthening the exclusion limits. A more detailed
analysis is required if the extra neutrino (or the extra down-type quark) is close to

its direct mass limit [208].  This can drive S to small or even negative values but at
the expense of too-large contributions to 1. These results are in agreement with a fit
to the number of light neutrinos, N, = 2.986 4+ 0.007 (which favors a larger value for
gl Mz) = 0.1231 £ 0.0020 mainly from Ry and 77). However, the S parameter fits are
valid even for a very heavy fourth family neutrino.

- VIsonRarep«~s/CV  Georae WW.S. Hou(NITW)Y  05/24/0/. NITHU 18 |



. Ben Grinstein @ CKMO06 I

What can we exclude?
This should dictate some of the goals in this field.
For example:

. Fourth generation?
More generally, is the CKM unitary!?

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

3. Other new interactions?
Particularly those related to EW-SB (TeV scale)

2\

"
Answer: sadly, we cannot exclude much.

mu set useful constraints

Vision Rare b < s/CPV George W.S. Hou (NTU 05/24/07, NTHU 19




. Ben Grinstein @ CKMO6 l

Testing unitarity (or fourth generation) can give us an idea
Of What ‘tO alm fOr", as fO”OWS (BTW, | know Z-width implies only 3 Iig’m neutrings)

Wolfenstein reminds us of the texture of the CKM matrix

| AN
A3 :

A Voxm ~ )‘3 12 )_‘2
S 2 AT ]

To see what to expect, guess what would go
in fourth row and column.

Close to what we'll see |

1A A% A%\ |Guess#2 /1 ) A3 A3\
@ A1 AN @ A1 be e
CkM e CKM ™ | A3 A2 cosfg sinfg
DRSS \A\* A —sinfg cosfg)




4th Generation Still?

* N, counting? 4th “neutrino” heavy
Massive neutrinos call for new Physics

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

An extra generation of ordinary fermions is excluded at the 99.999% CL on the basis
ol the S parameter alone, corresponding to Np = 2.81 £ 0.24 for the number of families.
This result assumes that there are no new contributions to 1" or IV and therefore that
any new families are degenerate. In principle this restriction can be relaxed by allowing

July 14, 2006 10:57
10. Electroweak model and constraints on new physics 37

T to vary as well, since T" = 0 is expected [rom a non-degenerate extra lamilv, However,
the data eurrently favor 7" <= U, thus strengthening the exclusion limits. A more detailed
analysis is required if the extra neutrino (or the extra down-type quark) iz close to

its direct mass limit [208]. This can drive S to small or even negative values but af

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

to the number of light neutrinos, N, = 2.986 £ 0.007 (which favors a larger value for
gl Mz) = 0.1231 £ 0.0020 mainly from Ry and 77). However, the S parameter fits are
valid even for a very heavy fourth family neutrino.

* Flavor physicists should not throw 4th Generation away !

.~ Vision Rareb <s/CPV  George W.S. Hou (NTU) 05/24/07, NTHU 21



Search for Heavy Top t->Wq In
Lepton Plus Jets Events

in 760 pb’”

J. Conway, R. Erbacher, A. Ivanov
University of California, Davis
A. Lath

Rutgers University

Fermilab

R. Hughes, K. Lannon, B. Winer
Ohio State University




? Search for Heavy Top t'—Wq Events

» Observables: t' mass (M__,
J t‘ mass > 258 Gev at 95% CL

¢ CDF Run |l data, 760/pb
> Decay channel: tt'—W(I'v)+4-jets
> Veto: cosmic ray, Z—ll
s Template method for M. recon. based on best y?-fit:

_) & total trans. energy (T,)

2 CDF Flun 2 ?au pb-1} ]
o Preliminary
o t'—+Wq, = 4 jets
% Hy vs Mgeq
= 1 P cbhserved -
B [ 95%CLupperll
—
ke L range of
I + expected 95% CL
& | upperlimits
T theoretical predictio
01k i Bonciani et al.) -
150 200 250 300 250 400

t' mass (GeVY)

H, (GeV)

Softening of Bound

. MMM RN
I AN
- C I.- im ' nE

CDF Run 2 Preliminary

“
LRV N I

[ y+pats
W, = 175 G
P [rnr zsnG &)

http://www-cdf.fnal.gov/physics/new/top/2005/ljets/tprime/gen6/public.html




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

CMS/ATLAS Duty.

A set goal at NTUHEP




- 4th Generation Still? -

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

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

An extra generation of ordinary fermions is excluded at the 99.999% CI. on the basis
ol the S parameter alone, corresponding to Np = 2.81 £ 0.24 for the number of families.
This result assumes that there are no new contributions to 1" or IV and therefore that
any new families are degenerate. In principle this restriction can be relaxed by allowing

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

T to vary as well, since 1" = 0 I8 expected [rom a non-degenerate extra familv. However,
the data eurrently favor 7" <= U, thus strengthening the exclusion limits. A more detailed
analysis 12 required 1 the extra neutrino (or the extra down-tvpe quark) 1= close to

its direct mass limit [208]. This can drive S to small or even negative values but af

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

to the number of light neutrinos, N, = 2.986 £ 0.007 (which favors a larger value for
gl Mz) = 0.1231 £ 0.0020 mainly from Ry and 77). However, the S parameter fits are
valid even for a very heavy fourth family neutrino.

* Flavor physicists should not throw 4th Generation away !

* EW Precision test is “old” ...; Overconstrain ourselves, or look forward to LHC ?




Personal Reason for
4th Generation Revisit

Acp(Kn?) # Agp(Kino)




First observation of Direct CPV 1n B decays

B >k

BABAR hEp—EﬂﬂiﬂSﬂjz
submitted to PRL

“

Ap =—

U1 0 0L0 T ) U0

4.20

Belle I

Confirmation at ICHEP04

Signal (274M BB pairs): 2140+53

=

U101 EQ S 0 00

3.90

4
e
)

f~d
=
=

(—

Average

A, =—0.114+0.020

B >k'n

A., =+0.06+0.06+0.01 BABAR
Aop =+0.04+0.05+0.02 Belle

>
Asymmejiry Events /2.5 MeV/c

1
E= F:!

w200

Average

A, = +0.049£0.040

-
0
Q

1

ICHEP04-4F B

August 20, 2004

Signal (227M BB pairs): 1606 + 51

_ BaABA

@ﬂ—:rK fr_l
B >k n

‘ | — I . s

0

o

532 22 5324 576 528 53

my (GeVic)

Marcello A. Giorgi /- WH, CP-6



New

Entries/15MeV
Entries/15MeV

K=nt: 728 £33

A p(K227) = 0.04 £ 0.05 = 0.02
hint that A p(K*7) # A p(K*7%) ? (2.46) [also seen by BaBar]

Large EW penguin (Z7) ?
New Physics ?

Sakai ICHEP 2004, Beijing 14

" VisionRare b > s/CPV_ George W.S. Hou (NTU) _ 05/24/07, NTHU 28 |
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Evidence for Direct CP Violation in B® — K 7~ Decays

Y. Chao,” P. Chang,” K. Abe,"” K. Abe,** N. Abe,* I. Adachi,"” H. Aihara,*™ K. Akai,'” M. Akatsu,** M. Akemoto,"

{ Belle Collaboration)

We report evidence for direct CP violation in the decay BY — K&~ with 253 fb~! of data collected
with the Belle detector at the KEKB e ' ¢~ collider. Using 275 * 10° BB pairs we observea B — K- 7~
signal with 2140 ~ 53 events. The measured CP violating asymmetry is A p(KT7 ) = —0.101 ~
0025 (stat) = 0.005(syst), corresponding to a significance of 3.%¢ including systematics. We also search
for CP violation in the decays B™ — K*#" and B* — #*#". The measured CP violating asymmetries
are A (K7 = 0.04 ~ 0.05istat) ~ 0.02(syst) and A qp(7 7" = —0.02 = 0. 10(stat) — 0.01(syst),
corresponding to the intervals —0.05 < A (p(KT#7%) <013 and —0.18 << A qp(wT 7)< 0,14 at 90%
confidence level.

| I I |
nificance greater than 5o, indicating that direct CP vio- [4] Belle Collaboration, K. Abe e al, Phys. Rev. Lett. 93,
lation in the B meson system is established. Our measure- 021601 (2004).
ment of A cp(K* 7" is consistent with no asymmetry: [5] C-K. Chua, W-S. Hou, and K-C. Yang. Mod. Phys.

Lett. A 18, 1763 (2003); 5. Barshay, L.M. Sehgal, and

the central value is 2.4 away from A .p(K "~ ). If this
J. van Leusen, Phys. Lett. B 591, 97 (2004).

result is confirmed with higher statistics, the difference
& [6] Belle Collaboration. ¥. Chao ef al, hep-ex/0407025

may I::e due to the_contribution of the electroweak pen- [Phys. Rev. D. (o be published)]
other mechanisms [16]. No evidence of| 77 p454R Collaboration, B. Aubert ef al, hep-ex/0407057

direct CP violation is observed in the decay B — 77 7. [Phys. Rev. Lett. (to be published)].

We set 90% C.L. intervals —0.05 << A¢cplK " a') < 0.13 (8] Y.-Y. Keum and A.L Sanda. Phys. Rev. D 67, 054009

and —0.18 << Aqpla™7") <0.14. (2003); M. Beneke et al. Nucl. Phys. B 606, 245
We thank the KEKB group for the excellent operation (2001).

It was the handiwork of “yours truly”



My first B paper

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
LY =226 20 AC 5y, Lb ) Uy, L1) — sy (FL +2CF) 5y, Lb ) (Ty,d)

— swF55i0,,(q./qg*) (m L +mp R)B) Ty, 1)}, (1)
L= — I\f"i«\‘__.-'F.I'r,-i’j,-'ff]rrﬂL-!’:v,'-'{F;,",,.IL'»J}.r (2)

where ¥ =g?/16x%, v; =V} Vy, 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 '

2
= = — 3 Xy L.
C,=Cf+C™ =~ lnx; — =
=0T+ 4 x.-—l] nx A o—1 (3)
D, =Df + D™ s Inx; +=>— (4)
S 4 (-1 T a1
Whﬁl‘:]l'ld m; is the internal quark mass. The _impurlant feature of Egs. (3) and (4) is the term x;/4,°
-3
107 F T .
2 . — pesl0” L
i “ F ~=-b—spr¥ P
b - s b u,c,t,t 5 w10 'k e
7% - 1;=. ; lFl.r
T'ELL\< E‘.P] w ﬂqp ’l: E L
= | -5 [ ..-""r
¢ e,v =|05{ R
A nondecoupling
-6 .r’ ek & 1 L n |

500

EW Penguin  +Box S o




On Boxes and Z Penguins  nondecoupling

> GIM, charm, ¢

., & ) : i1
S %é( | m— small &4, K — mvv (still waiting)
Z

I — heavy top, sin2¢,/3

b s v S 5 m—=——>  Zdominance for heavy top
1986 — 2002

=
=
Bt
=




On Boxes and Z Penguins  nondecoupling

> GIM, charm, ¢

u, ¢, & y . .
S %é( | m— small &4, K — mvv (still waiting)
Z

—> heavy top, sin2¢,/[

d b BS
.
I+
o I W .
b SR S — n—=> /Z dominance for heavy top
. \ / 1986 —> 2002

All w/ 3-gen., @_ _________ »D !
Just wait If there’s 4th

—pb', t" @ LHC




Il. Accounting for A4y ., AS




Effective b > s Hamiltonian and t’ Effect

At Aet+ A =0

IVESTE T B D
e I 10 i
H3 = \/—g Ay (C1071 + C205) + Y ACPO;
i 1=3
Vf;V
S e




M, < fp Bg 1428, (1,0)+ 24,G LS, (t,1) = S, (£, D)]

+ G Sy (t,1) =28y (1,0 )+ Sy (11}
GIM I]?especting

A (C101 + C202) + Z (ACE Ny (CY Do




Cg—Cg X Ty — Tyt

nondecoupling

AS" =S, (t,t)— S, (t,1)

ASP =Sy (¢ 1) +S,(t,1)— 28, (t,1') VC</§]>

Vision Rare b < s/CPV

Box/EWP Sensitivity to 4th Gen.

v..g_less sensitive

\ |
300 350

200 250
2 - , -
JJU? - 1=2 -
~ 1.5 - -
I é
0.5 - i=1
Oi H\HH\HHM\H\HHMH\E

George W.S. Hou (NTU

M}

250 300 350 400 450 500

eV]
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ﬂCP(K+7'C—) ~ _0.12, ﬂCP(K_*_TCO) ~ +0.04 ?

Vi Vi

of““K“““‘f

180 270 360

Cbsb

| —— m, = 300Gev

0.03

0.02
0.01

V2 Viep ~0.04

= 4-~p(K'n") almost independent of t’
= A-~p(Kn®) — A-p(Kr) > 0.1 demands

* Large m;- and rg,

Large
Effect

Vision Rare b < s/CPV

George W.S. Hou (NTU

05/24/07, NTHU 37




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




.Aﬂ :/qKUZO _/qKWz— ~ 14% .

- LO PQCD EB 4th Gen

T o g B
V4 \\

180 360

~ 12% vs 14% (data)
Z

u

rsp = 0.03: red, dash line

270 0.02: blue, solid line
d)s 0.01: green, dot-dash line
NLO PQCD & 4th Gen. WSH, Li, Mishima, Nagashima, PRL'07
Joinin C & P
0.05 [ A T A/q ~ 15%3 g EW “““ AS =~ —O_ll —[VS —034i02X
S - : (data)
0 - 22~~~y x*7°| Both A4 and AS ]
_# - > 7
a¥ 4 x 0. E
< : X ~-SM3 input
0.1 - . i
- 0. -
-0.15 - S~ 0. e
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Ill. Prediction: Large CPV in B, Mixing

Two Reasons

WSH, Nagashima, Soddu, hep-ph/0610385
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B, Mixing vs B — Xt

v
Large CPV in B, Mixing




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




e Fixed 'y, = Narrow @y, Range
destructive with top

* Forlgy~0.02 - 003, [V ~0.04

¢Sb Range ~ 60 - 70
Finite CPV Phase

Consistent w/ B(b—>s/l)

-
-
-
-
-
-
-

Large CPV Possible !

Despite Amg,, B(b—sf) SM-like




% w ¥ 3
& @
i‘;@ 7.
2 %
T = v
S

fB.\/Bp, =295+ 32 MeV

B, Mixing Measured

/ @ Tevatron in 4/2006

* Forlsp ~0.02 - 003, [V ~0.04

¢Sb Range ~ 60 - 70
Finite CPV Phase

L L ——
2 sin2®g ~ 0.5 - +0.7
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ \

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




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

Sign Predicted |  Sure thing by
—LHCb ca. 2008
ESiﬂZCDBS ~+0.5-+0.7

\
Despite Amg,, B(b—sf) SM-like




Use CP asymmetry 1

|
B wo
80% CP-even
® Reduced asymmetry
« S, = 60% sin 2,
Tevatron could reach

~ early LH (=
<P

o
g
7
©
£
9
"

Also, K. Pitts

private comm.

Int. Lumi (fb-1)

back

CKM workshop, Nagoya 2006 F. Bedeschi, INFN-Pisa




. Tevatron prospects (7) & LHc DUTIOO0K/Golutvin/FPCPO7

B, —»J/y¢ is the B, counterpart of B> J/hy Kq

Q In SM ¢ = -2arg(V,,) = -2A’n ~ -0.04

1 Sensitive to New Physics effects in the B.-B, system

if NP in mixing = ¢ = ¢5(SM) + ¢5(NP)

2 CP-even, 1 CP-odd amplitudes, angular analysis needed to
separate, then fit to ¢g, Al'g, CP-odd fraction

LHCb Channels og(og) [rad]  Weight (o/0:) [ % |
B — J/¢ n(xt 7= #0) (0.142 2.3

B. — D.D. 0.133 2.6
Bs — J/v n(v ~) 0.109 3.9
B: — neo 0.108 3.9
Combined (pure CP eigenstates) 0.060 12.7
B, — J/vo 0.023 87.3

Combined (all CP eigenstates) \0.022 100.0

ANBVANSH will reach s(¢.) ~ 0.08 (10/fb, Am_=20/ps, 90k J/yd evts)



B Repeatfitto B, — J/iw ¢ (1 fb1) with

» constraint from charge asymmetry
» constraint from WA 7,

¥ The contours indicate error ellipses
Aln(r) = 0.5 (39% CL)

~ (0.5
7))

nn‘é_*ﬂnnstrﬂined DD, 1.1 ib”"
= na;_lﬂgﬁdfqro
S = A
m n 2 E_ i SEE‘I?Q‘I;?:I?J
= ol i
2 E band
-0
-0.15 : 1
_0‘25_ - Al tang, = 0.02 ps s
-0.3F
0.4 W AT = ATSM x |cos(o,)|
_‘15:I...I....I....I....I....I....I
3 2 -1 0 1 2 3
05 (radians
lavour/LHC

J. Piedra @ F

hep-ex/0702030

E E Flavour D@ ,1.1 ﬂi‘
- L * L
~ 0.4 Specific WA "
= PSS, Lifetime m Bl - Jyo
<] [ , :
0.3 o * Constrained
3 . )
- ™ ::..-
0.2 \
= Y
C “ﬁ.
0.1
C i '.!
“;" SM |
- /

V10 | PPN EPEPUPEPI PRI e S raPEPl EPRTEPIP EPPIPONN BP9

¥ ¢, ambiguity remains unsolved
® For the solution with
¢, < 0,cos o,>0andcos 0, <0

Al =0.13£0.09 ps™

WSH & Mahajan

¢, =—0.70"04




sin2®p ~-0.5--0.7

1T~ e
: Measure @ Tevatron ?
s 0.9 - ]
+ep+q - : ]
N \/ ] cos2®g ~0.85-0.7
Q0.7+ -
O L
O 0.6 - ;
0.5 °

0 60 120 180 240 300 360

¢sb




Agg in B > K-

Probe Complexity w/o CPV

Hovhannisyan, WSH and Mahajan, hep-ph/0701046




A in K7 C,, Cq, C,, taken REAL

e Forward-backward asymmetry is induced b
photon and Z° contributions.
e Relative signs of C;to C;; and Cy t
Gio?my
2895
x [Re(cg"-‘“' )C1oV Ay

d
G -TEY = IVt

Definition of A, d

rees(q?) = (g%, cosfp,— >
Syl Mg?, coslp- /0)+ J(g2, cosliy,- < 0)

K
Og, : angle btw B ahd I in/the dilepton rest frame 4

We can examine the sign of
A, /A; and A /A; with A g(q?)
A/A;

SM (A4,=-0.330, 4,=4.069/4,,=-4.213

A oA STER FHBRed case

r %. g .'.I- Jq. ':l‘

hoth A4, and AgA , signs flipped case
Agd 1 sign flipped case

NN EEEEEE N CENI NN EETEEE NS FWEE FEEE N
0 2 4 6 g 10 12 14 16 18 20
q*  Geviic?

A, : leading terms of the
Wilson coefficients C,

M. Iwasaki @ CKMO6




Form factors induce some level of theoretical uncertainty

Use form factors calculated within LCSR — Ball & Zwicky

Forward-backward

Form Factor

A asym 1etry/
dﬂf}}. ~ {R ((‘ff ﬂ 1) Vi / Products
s /
mey

+ =Re (G51C5) [(VE)_ + (ATh),] |

1

Richer Interference

-~ Vision Rareb &s/CP¥V  George W.S. Hou (NTU)  05/24/07, NTHU 54 |



=

BR(B-K*I*I")x 10°
.=| [a—h
[ LY. B LY LTS

CM) = CM ) (14 Are™)
G(J (;Ur W ) p— C (‘? M (JI W ) ( 1 + AU E'i @n )
Cro(Mw) = O3 (Mw) (1+ Agge'®r)

a: SM
b: 4 Gen.

shaded: rough boundaries

-

(for 1llustration only )

Constrained to 1 experimental range for

0.
£ oo
¥
L,
= 0.
< _0.2
~03

exclusive radiative and semi-leptonic rates

Probe Complexity w/o CPV

0 01 02 03 04 05 06 0.7

g

~ Early LHCb data

Vision Rare b < s/CPV

George W.S. Hou (NTU 05/24/07, NTHU 55



By — KU EBATSEnSItvIty

= (Generator zero-crossing point: S, = 4.10 GeV?
= From 1000 experiments of 2 fb-1:
= No background S, = 4.17 £ 0.38 GeV?
= With background S, = 4.11 £ 0.52 GeV?
= With 10 fbt (with background) S, = 4.17 + 0.28 GeV?
Entri'l.:sl‘?lkl:B o] E:nzﬁfp":gﬁa
-sj grjlasn E : - 1 ﬁr?'lasn atlf:g
0a- Example 2 fb-1 experiment 2501 With 10 fb {ﬁ

u: """--.b\ | -
% 150/~
0.2~ m 100

_I i I | | I | I | | [ I | | I Tl I L1 1 I | I i :
'D-Eu 1 2 3 4 5 B 8 g [EPETErE BN AN A T B TS ENE AT A AT S BT A A

4 5 B 7

7 1 2 3 8
M,z2 (GeV?) Fitted zero-point (GeV?2)

9

Jeremy Dickens @ CKMO6



IV. DCPV in B* = J/yK* ?

WSH, Nagashima, Soddu, hep-ph/0605080




- Inclusion of SM3 Penguin does not alter Weak Phase ~ 0 rd to predict

 The amplitude above likely has Strong Phase
- ALL “color-suppressed” processes turned out Enhanced
~ some effective strong phase
Examples:

*BY > D*r-and D%z = & ~ 30° in Dx system
*B 5> ninland ttn- = 8~ ??° in nw system (Belle vs BaBar)
- B —» J/yK* Rate is enhanced: “hadronic”

Analogous to enhancement seen in B — JhyK*
= Strong Phase Diff. in Helicity Amplitudes: 6 ~ 30°

e Enter t': Weak Phase
Factorized amplitude : J/y spitg off from virtual Z

c = 5 ~30° Likely Retained j
Z _J/ L4 — _Interference
C
. b S Making of DCPV !
— - K-
Visior u u George W.S. Hou (NTU 05/24/07, NTHU 58




: Indirect
Another hint: { e LB Belle/BaBar

—0.035
- vs. |0.685+0.032 | HFAG
LOW S5k ? 110790 + 0.031 UTit

R L

ViaVib
~
Cannottell *~

. Y

inb —d AN VeaVin ]
A 0 60 120 180 240 300 360
ed Yeb '

Cbsb i

T %7 *
ud\ ub

Ny

Show later

SJ/w Kg

small &
effect small

60 120 180 240 300!




Acp(B+ = J/(1S)K*)

ICHEPO6: /'ZlJ/V,Ko

VALUE DOCUMENT 1D TECN
—0.0241+0.014 OUR AVERAGE
—D.UBDiﬂ.DH 124M AUBERT 05) BABR
—0.026+0.022H0.017] 32M ABE
. 0.018+0.04340.004] 10M 577 BONVICINI 00 CLE2
o\ F1F We d he following data f fits, limi
5\9 2 8 8 e do not use the 1o DWII"IE ata tor EUE‘?’EEES, ItS, II'I"IItS,
0.03 +0.0154{0.006] 89M AUBERT 04r BABR
0.00340.030+/0.004 AUBERT 02F BABR

» A, IS getting serious
e Systematics Control!
— Needed towards SuperB !!

Vision Rare b < s/CPV George W.S. Hou (NTU

0.018 £ 0.021 + 0.014 Belle
—0.07 £0.028 £ 0.018 BaBar

BaBar/Belle

03 BeLL 2hould Update !

05/24/07, NTHU 60




- The White Horse -

The early days...

e Before silicon \

e After silicon

E

B*—s J/wK* (1990)

—

CcD Preliminary 1.0 b’
ﬁ 20001 31000 £ 300§"
m L

Nurmber/(0.020 Ge‘v’/cz)

5 51 52 53 54 55 56

Mass (GeV/e?)
100 ' ' 1
— 1000
- (a)
)
E FEO |
100 | A .
- Lifetimes in 600
- semileptonic decays 00E. L i ety
. | 520 525 530 535
3 % (F. Ukegawa et al.) M{J/y K*) [GeVicT]
[ ' gy .
L l.a 1.9 2.0 T ¥ '
MK n*) (Gev/c”) 01 00 01 02 03cm
6% KEK Topical Conference February 8, 2007 Kevin Pitts Page-10

Much larger control sample | oo — Better Systematics !




Prognosis for Al .. Measurement | (g

0.018 £ 0.021 £ 0.014 Belle

~ PDG '06
ICHEPO6: /qJ/WKO ~0.07 +0.028+0.018 BaBar

Acp(B* = J/(15)K+)
VALUE DOCUMENT ID TECN
—0.0244+0.014 R AVERAGE

0.024:0.014 OU BaBar/Belle

—0.030+0.014 . 124M AUBERT 05J BABFE |
~0.026+0.02240.017] 32M  ABE 035 BeLL Should Update

0.018+0.043+0.004] 10M 277 BONVICINI 00 CLE2

5\9“ &\\V. e ¢ \We do not use the following data for averages, fits, limits,
0.03 +0.0154{0.006] 89M AUBERT 04r BABR
0.003+£0.03040.004 AUBERT 02F BABR
» Ay, 1S getting serious K. Pitts
CDF could reach 0.3%

e Systematics Control!
— Needed towards SuperB !!

D Could be seen by 2008 ?! ‘Beﬁer than A4 and AS 7‘1

Vision Rare b < s/CPV George W.S. Hou (NTU 05/24/07, NTHU 62
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SUSYO07 / Abstracts book Search for anomalous direct and indirect CP violat..

Abstract ID : 171

Search for anomalous direct and indirect
CP violation 1n b to ¢ transitions at Dzero

We search for anomalous charge asymmetries in the b to ¢ transitions of both
neutral and charged B mescons. Indirect CP wviolation in Bd and Bs mixing is
studied using semileptonic decays. Direct CP wiclation in B+ decay is studied
using exclusive decags to prsi mesons. The results ars based on a-large data
set of proton-antiproton collisions recorded by the Dzero detector operating at
the Fermilab Tevatron Collider. Dzero contains independent spectrometers

based on an inner solenoid and cuter toroids. The magnet polarities are
reversed on a regular basis allowing for unprecedented control of the
systematic uncertainties associated with charge asymmetry measurements in B
meson mixing and decay. The results presented can be used to limit new

physics in both Delta Bd and Delta Bs = 2 operators as well as limit recent
fourth generation models.

Abstract ID : 381

JF

CP Violation Measurements at CDF

We present the latest results on CF viclation measurement from CDF. These
include:

— a measurment of sin(Zbeta) from BO -&gt; J/P=i El=s decays

— a high-precision measurement of the inclusive $CPS asymmetry in
same =sign dimuon events originating from two semileptonic $B3~hadron
decays

— search for a CP charge asymmetry in B+ —-&gt; J/Psi E+ decays




IV. Aside: K, — n®vv; D° Mixing




Full 4 x 4 Unitarity = Z/K Constraints @D;

e “ Typ|CaI” CKM Matrix WSH, Nagashima, Soddu, PRD’05
( 0.9745 0.2225 0.0038 ¢~ 169" . 02871 ¢ 617 \
—0.2241 0.9667 0.0415 0.1164 ¢* 66°
0.0073 772" —0.0555 =125 09168 c— 1°
S< b
\@044 —1D 201136470 /
N : v
~ =
d «s

Satisfyb —» d: \/
Cannot tell triangle
from quadrangle




Prediction for B(Kj; — WOVD)

o 250 - 5

'S - : Current E391A U.L.
— 200 | & - .

X |eros 2.86x107" (90% c.l.)

Very hard to measure

|- — B(K; — mOvp) ~ 3 x 10711
360 EShA,3

0 e s il e el

120 180 240 3

(bds

(o)}
(@}

0

|
e
|
|
|

Rate could be enhanced up to almost two orders !

K; — 7Ov1 enhancedto 5 x 10719 or even higher !!

In general larger than K+ — 7tui (2—3 x 10719)

"." Large CPV Phase WSH, Nagashima, Soddu, PRD’05




- Connections

4 x 4 Unitarity = Z/K

B “Typical” CKM Matrix (o0
( " 0.9745 0.2225 )
—0.2241 0.9667
0.0073 e < 0.0555 ¢ ° 950
\ —0.0044 7197 _0.1136 ¢ )
Data Driven

Ben Grinstein @ CKMO06 Close to what we'll see !

Guess #I /1 \ X2 A%\ |Guess#2/1 A )3 A3\
S CINN I DS va Al A2 A2
CkM e CKM A% A% cosfg  sinfg
DRSS \A\* A —sinfg cosfg)




4 x 4 Unitarity = Z/K '+ Connections

a4 _ “Typical” CKM Matrix (Too)

Vorkwm =
( " 0.9745 0.2225 )
—0.2241 0.9667

s —i925° — 3 95
0.0073 e~ "= —0.0555 e ="

\—0+0044e—?‘1“ﬁ —0.1136 ¢ )
Data Driven

c d s b u e b u
— - - T - —— - -
W W W W
- - : e - - -
W dTh F T B T
SM LD NP _SD

gV VYV AV V] =0

_0.218 +0.215 +0.0033 e~




"Evidence" for D Mixing: Only 2 results > 30

+ Babar (384 fb!) D%—Kn X =(=0.22+0.30=021) x 107

- c.w. Belle (400 fb1) y=(97+44+3.)x107
= (01832 x 107 ¥ =(0.65,)x107

. Belle (540 fb1) DO—>KKnx  [Vep =(1.31=0.32 = 0.25)%

- c.w. W.A, (includes Belle '03)
Vep = (090 £0.42)%

Belle (540 fbl) DO—>K x=(0.80+0.29+0.17)%
. elle - — SII B i +
- cw. CLEO (9 fb-1) y=(0.33£0.24£0.15)%

x=(18+34+06)% y=(-14225:09%
* CLEO-c (281 pb!) - new results expected soon

-y, x% and cosé

Before Moriond '07 After Moriond ‘07
NO MIXING (x,y)=(0,0) excluded: NO MIXING (x,y)=(0,0) excluded:
v ~2.1 o Belle D> =Kz (no CPV) v 3.9 0 BABAR D"—Kx (no CPV)
v ~2.3 o BaBar D= K2m/K3x v ~2.4 o Belle D'=Kgnn
v ~2.2 o Average Y v ~3.5 0 New Average y-=1.12+0.32
D. Asner  March 26-28, 2007 Charm Report:Flavour in LHC Era 29

" VisionRare b - s/CPV_ George W.S. Hou (NTU) _ 05/24/07, NTHU 70 |




X= (85*3]’} 10° :
y=(7.153) 107 £

cosd = 1.09 = 0.66 E

TENE IEENE FEET |J-||-||||-|||I||||.||||-: -n ra e looy oo ooy oo By s o loss ol vass L5 5 8§ p3 53
‘“‘H 403 002 L0 L] oo 00z 003 0.04 ﬂﬂl f03 H02 00 0 g ek o403 ouod

With great frepidation average all results
- Use likelihood contours where appropriate

Consider two scenarios
- Current results - with CLEO-c cosd =1.09+0.66
- Current results + anticipating cosd = 1.0+0.1

D. Asner March 26-28, 2007 Charm Report:Flavour in LHC Era 30

ICINN WAre N «—»</(v¥Y\yy | aNroe \/\/ =—-1N1 | [ 1\ Yy AN/ /A/L)/ N\NLI1Hl])] /1 |



- Short-distance Only - @}

0.1 _L WSH, Nagashima, Soddu, hep-ph/06103_85 fD \/BD — 200 Me\/

-08 1y PDGO06 ! x ig
. _ db
.06 % P VigVip =Tanf
- From 4 x 4 Unitarity

| ggtzzé \/UU\AEY
1=17==ﬁff=:==f===fe=:::§:>l

x =Am/T" ~ 1 - 3 plausible

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

N.B. SM LD could generate
y-1 xy
[Falk, Grossman, Ligeti, (Nir,) Petrov]




- Short-distance Only -

0.1
| — L.
-~ 0.08
0
Q 0.06 [
| N—
EDU.rM'

0.02 |
< ]

Vision Rare b < s/CPV

WSH, Nagashima, Soddu, hep-ph/0610385
_r'_| -

310, -

PDG06 !

*
.Y

60 120 180 240 300 360

Db

Nir:

XD opposite sign
toy (assumptions)

but X, y expt same sign

When can be tested ?

XSE

X = Am/T" ~ 1 - 3 plausibl

Sixebfez@uierbubngéhuge
CPV i@RMxnngixing15%16%20%

N.B.

George W.S. Hou (NTU

SM LD could generate
y= 1 x-

[Falk, Grossman, Ligeti, (Nir,) Petrov]

05/24/07, NTHU 73




V. Conclusion




IOn Boxes and Z Penguins .

nondecoupling

> GIM, charm, ¢

., & ) : i1
S %é( | m— small &4, K — mvv (still waiting)
Z

—> heavy top, sin2¢,/[

= —> /Z dominance for heavy top

‘l
v : \ / 1986 —> 2002

=
EN]|




G tine -

| Intro: AS, AAy.. Amg, Al'g,
Z Penguins and BON

Why 4th Generation Revisit? Ap(Ktn®) # A p(Kn)

Il Accounting for A4y and AS (in NLO PQCD)

Il B, Mixing vs B —» X _t*t~ —| Large CPV in B, Mixing
Large CPV Phase (or Nil)
ATl'g related effects; Az in B - K~

IV DCPV |n B+ —> J/\VK+ 7 % level Will start to PlClCC bet
IV Aside: K, - novv; D° Mixing if measured !

V Conclusion

sin2®g, ~-0.5--0.7
cos2®pg ~ 0.85- 0.7

" VisionRare b - s/CPV_ George W.S. Hou (NTU) _ 05/24/07, NTHU 76 |







—VA SM3
0 : ]
2 |

a¥ |
““““““““““““““““““““ — :
0 60 120 180 240 300 360 KE) 0 60 120180240300360
Cbsb Cbsb
BR OK 0.6 Acp ~ O far away
ﬁ 0.4 Cg_cg“xt—l‘t// beyond SuperB
Heavy t' effect < 0ol 19 i
decoupled g 4|
forb »>sy ||~ 0p=z=======" =m=s===ES
O | 1="
~ -0.2 L | - | L
200 250 300 350

mt/ [GeV]




KOt Predictions

r.p — 0.03: red, dash
0.02: blue, solid
0.01: green, dot-dash

005 v 15 My = 3[][] Gev
PR TS : 14
0 :‘ a 1.3
L B 1 2
~0.05 - - o L
N \ M o1.1
~0.1 - ] 1.0
- ] 0.9
_0'15 S Lo Lo N 08 !
0 60 120 180 240 300 360 0 60 120 180 240 300 360
Cbsb : Gsb
ICHEPO6: ~ O ~_-0.12
/‘4]{07{4r _ﬂKOﬂ'O ~ 14% v RC > ~ 1 08 4
—0.02+0.04 +0.02+0.13 HFAG R 0.94
(+0.11 + 0.18 + 0.08) Belle
Tef in good agreement

— Await further test

-~ Vision Rareb &s/CP¥V George W.S. Hou (NTU) 05/24/07, NTHU 79 |



g New Electroweak Penguins in
the Ratios R, and R,

g: measures the importance of%e EW penguins with respect to the
tree-diagram-like topologies
¢. CP-violating weak phase

1.6

1.4

NLO PQ
1.5 0
1.4
1.3
L1.2E  _pHeTTE
P11
1.0
0.9 - = =TT TS '
0.8 Bt e L DRZ New Belle Data
0 60 120 180 240 300 360 w/414 b1
Qbsb

Buras, Fleischer et al, APO B36(2005)2015-2050

2006/11/01 DPFE/JPS et



. 4 x 4 Unitarity = Constraints .

d S b b’

/ €12 €13 C14 €12 €13 14 €XP [idap) \

U —13 512 514 524 €XP [—i(Pap — Psp)] €13 €24 512 iy - c34 s13€XE [—idw)  +c13c1a 512 524 €XP [ihss)
f —513 524 534 €XP [—i(Psp + Pup)] !
—C24 513 14 534 €XP [—i(dap + Dup)] +c14 €24 513 534 €XP [—iyp)]
—C14 €23 812 SM3 —€23 512 514 €XP [1Pa)
—C12 €14 513 523 €XP [idyp) €12 C23 C24 —c12 513 514 523 €XP [i(Pap + dup)]
C —c12 €23 514 524 €XP [—i(Pap — Psp)] —C24 8§12 513 523 €XP i) €13 C34 523 ~+c12 14 €23 524 €XP [ihgp]
4512513 514 523 524 €XP [—i(Pap — Psp — 1Dup)] —C13 923 824 534 €XP [—isp) —C14 812 813 523 524 €XP [i(Psp + dup)]
—C13 €24 $14 523 534 €XP [—ichap) +c13¢14 €24 523 534
—C12 €14 €23 513 €XP [i¢hyp) —c12 €23 813 S14 €XP [i(dap + Pup)]
t +c14 s12 523 —C23 C24 S12 513 €XP [1¢hys) 4512 514 s23 €XP [ida)
403 812 813 S14 924 €XP [—i(Pap — Psp — iPup)] —C12 €24 523 €13 €23 34 —C14 €23 512 513 524 €XP [i(Psp + Pup)]
412 514 823 824 €XP [—i(Pap — Dsp)] —€13 €23 824 834 €XP [ihgp) —€12 €14 823 S24 €XP [ihgp)
—€13 €23 24 514 934 €XP [—idan) +c13c14 €23 €24 534
t, \ — (24 C38 514 X)) [_'?.-_d’db] —C34 So4 B> ) [—’i-(ﬁl)sb] -S834 C14 C24 C34 /

We need to deal with mixing matrix in detail to keep Unitarity
V ‘/;f’d 6246548143 ei(¢sb_¢db) V ‘/%/b C34824S34€ ¢sb
kaon  XLds NP> b—>s  =Tgp
A

2
— ) — TdsS )
ViaVin = c2acaasiassact®® = Hiecits  [(Cross Cheek !

(Z — hadrons b—d

I ) impose s34 = 0.22 ~ Vys
[Vio> + 3.4[Vj % < 1.14 for my = 300GeV = s34 < 0.25
Fromb—sstudy 7y, € 20 ~ 0.025 ¢’ (iU
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Constrain s <> d from K Physics H)

BR(K+ . 7r+yij) _ (14.7t§39.0) - 10_11 8 Jf\ [ I \‘ el \: [N ;‘»

' (shaded) . . l

BR(Kp — pTp )sp < 3.75-1072 P P R6-1.2 Rg-2.2 ]
513 8=1-2 Rg=1.14

. \ ' l

e = (2.284 +2 x 0.014) - 1073 S A 1

4 |

¢ _a e \ |

— =(16.6+2x1.6)-10 G ‘

€ ]

Rg = 1.2 (E. Pallante et al.) 2 I §6=1-0 B 1

. _ " " I g=1.2 % 8=0.84 ]

Rg =0.7-1.3 Standard 7 g&q, o 8 1

R6=2'2 (JB”nensetal) OTHMMHMMHM\\H\H\H\H\H\Hf

Rg=08-1.4 No SM3 solution 0 60 120 180 240 300 360

¢ds

Therefore....
I'ds ™ D X 10_4? odq ~ —60" or + 35°

well-satisfy Amp, and sin2¢;!
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ras ~ 5 x 1074,

bus ~ —60° or + 35°
bap ~ 10° (105°)

rap ~ 1 % 10_3,

well-satisfy Ampg, and sin2¢; VS V., ~ 0.01 e

| | |
g 1
= L T
- \%\\ \ \ \ \ \ \ \ \ \,\: iU NN A e
0.65 B N I | 0.78 ;I
—~ | . -
© 0.60 |y I = g 0.76 |
2 - Te=--- : < 0.7 |
Qio.55 FI I - ~
T - I . E 0.72 F
e 0519 1 g @ .70 |
o> ™ =~ . ¢
q K > I FB \/ BB =208MeV t: B |
0.45 a I - 0.68 =
:\-\\\\M\\m\\\\\\s\*\--\*ﬂ\’u\u\u\: 7“I‘M
| |
OI 60 |120 180 240 300 360 OI
| I bab I

VuquT)

Ved VCT)

Hard to tell apart (non-trivial) with present precision
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"." stringents —> d
George W.S. Hou (NTU

05/24/07, NTHU 83



Ajni» # 0 ? Mechanism Generic

e.g\Z’ modelj of Barger, Chiang, Langacker, Lee, PLB’04
Y

Less constrained !

0 60 120 180 240 300 360 . O 60 120 180 240 300 360

?r, O

ﬂJ/V,K+~ few % possible




A IN B —» K*{"(” made easy

v - Z Iinterference with M, brought low !

@ P ete- — hadrons

~10
R = [ [ IIII| | I | I IIIII [ I [ I IIIII
= Fy

(25) ’
T T’j\“<

IIIIII| IIIIII||] IIIIII[|I IIIIII||J IIIIIIIII LI

Vs [geV]
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Quark level Quantum amplitude:

Real by C& =C,+7Y(s)

convention

/

GFQ

V2m

Mp_sp+0- = —

,
— 2

My
-

S

@ {C5" [s7.LY] 1" 4]

»

+ Chg [57,Lb] [e4* 5L

Cs? [5i0,.,G" Rb] [64*€) }
.

$=s/m%

C;ﬁ — §7C7 +‘§8C8 + Z éjcj

j#7,8

No Reason a priori why@CQ, C,, 3hould be Real
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To be Probed BY EXPERIMENT



B ) — oo s are

Parameterization at weak scale Cg(ﬂ;f W) — C,?_?T"’"I (ﬂ;{[’_{;) (1 + Ag Eig‘:g)
Cio(Mw) = C3"(Mw) (14 Ajpe'®r)

Such an introduction of complexity is beyond MFV and may look
very outrageous at first glance, though not impossible,
e.g. in generic Z’ models or more than 3 generations

N.B. Wilson coeffs. becoming complex
IS already present in SM
(not via New Phys corrections)

B— /07\~+7\,_ : VL; V., = Vt; v,

= (0 +@#




a: SM

b: 4 gen.

d: ruled out

e: disfavoured

c: ~ SM, even the zero,
different for large g>

0.2
0.1

Case Ay Ay Ay or 09 o1 Acplb— )
h =02 =09 =09 65° 65" 65 2%
c =05 1 =05 9° 270° 0 5%
d 0 -15-=20 0 35 0 -
e 48 -12-22 0 0 0

i
—0.1

ArplB=EK 1)

—0.2

(. )l FODESUEEINR << coiiunT
0 01 02 03 04 05 06 0.7

S




General: Both Zero & Shape Sensitive to NP \@D;

BR(B— K*I*I" 1 10°
wa Frreet : [ t-.: et

=
e
.

- P
om— -
T T

a: SM i) = C3"(Miv) 1+ Are™)
b: 4 gen. ColMy) = 3" (Mrw) (14 Bye®)
d: ruled out CoMyr) = C' (M) (L4 Ay
e: disfavoured

c: ~ SM, even the zero,
different for large g>

(.2
J',: 0.1
2
:L (
ﬁ —i).1
T _0.2

—{.3 L

b — sy DCPV can be tested at w
Cse A Ay D gr o0 owfAcr(b— )

b =02 -09 -09 6 65 65 2%

¢c =05 1 =05 90° 270° O
d 0 -15-=20 0 3" 0 - ﬁ
- - - : : - e 48 =12 -22 0 0 0 -
0 01 02 03 04 05 06 07 7
; Early LHCb Data/>
Can Tell
George W.S. Hou (NTU 05/24/07, NTHU 89
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G e

M= 57 ViVl Cru suvbe Tuvly In general 10 operators
= 20 parameters

+Crp Spyubr ey g+ Crr sgyubr 11"l

+Crp Spyubr Tpv" I+ Crrig sibg Tilg Impr.ac.rical for. ear.ly fH..
+Crrrp Sgbr Tl + Crape Sebg Tls O"’her' measur'ables Sough'r
+Cregr Sgbp gl +Cr soy,b 1ol (K* pOI°)

+iCyp .ﬁrw.b a’_ﬂﬂ,ﬁe’ e JA |
w . . - e fF 2 ff — W |2
T =5 B35, {I(C = Crol "= [( €™+ Cr) |7}

""‘”‘FI:I

+As(s,1) {2Re[ —2C;(CS* — C%)]— 2Re[ — 2Co( CEF¥+ €3 )
+45(s,1) {2Re[(C5¥—C o) CF, 1~ 2Re[(C§T+ C 1) Chgl}
+As(s,1) 12Re[ —2C(CF—Cipl ]}

+A4(5,1) {2Re[—2C,(CE, —CERl}

+A3(5.1) {|Cpe) = Cral* = |Crel* +| Cral*}

+ .43[-5'..1 ! *Il— 4H~:| {?J'.RJ'.R': {—.? — EC;—E] + Fﬁ;‘m‘[-{?;:f + 2 'I:_rﬁ:} ”‘]
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G. Isidori — Rare K decays within & beyond the SM KEKTCS - Feb 2007

Our present knowledge is too limited to draw definite conclusions: only with the help
of both high- and low-energy experiments we can hope to solve the puzzle...

b —s (=A%) b —>d (~A% s —d (~\%)
\ ™,
o AF=2box |
oY (some) of the new eff. couplings
_E AF=1 must be quite small it A ~ TeV
@)
E 4-quark box
; gluon \ o
o penguin effective heavy A
< - for flavour physics
= Y [e.a. split SUSY|
S penguin
= _
3 i lnD_“ F\"{F\if_ non-MFEV
=  penguin ﬂ?n Y 11115pe-.:t1 'c only in specific
; avour structures e w. structures
H e.g. large b—s coupl. ] I T
_ le.g. large scalar currents] |
penguin i —— ) )
- 4th Gen. is non-MFV, SM-like
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I\/Iinima_l Flavor Violation

s Def MFV: New physics has exactly the same CKM

structure as SM
= Thus no effects will be seen in CPV

= An example of such a model is the Universal Extra
Dimensions model of Appelquist, Cheng & Dobrescu

s However, effects WILL be seen in the modification
of decay rates
= MFV is not so much a model as a declaration. Lets
ignore this paradigm for now and look at two
examples of B decay processes
4th Generation the epitome

Sheldon |




WSH, Nagashima, Soddu, hep-ph/0610385

¢ B 7/
V. Voo =rge
From 4 x 4 Unitarity

Vub'Vc*b'

e

|
0.1 —+
|
- 0.08 '
| : . PDGO06
0, 0.06 - _ 310
T )If— 27D\\.\ /./’
0.04 4~ .= SNl
D | b'_ \\--—’
£ 0.02 .,  230Ge
< |
of 60 120 180 240 300 360
0.4,
|
|
@? 0.2 !
QN I
5 0\
0))]
-0.2 "
3
|

qbdb [Falk, Grossman, Ligeti, éNir,) Petrov]

60 120 180 240 300 360

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’-D° Mixing Limits : ing: Channel for New Phvsics
o — - b n‘:mmi ” L-‘!m‘ or New Physics.
- = W e Pl AM

10f= g _* J— .:f-—l\%'”ﬂj X ==
Ir-'_:,mt*'-"rr If'_.__, 1_
¥ (long-range) mixing: SM background.
o -
H L_ LR R I
p 21
10 no &, assumptiory
I 05% C.L. Limits
B L S S
X (%)
* Hint for D mixin
. 9 e — Need more data !
No eVidence for CPV Promising !

measutements. The average of the six yop measurements is‘

0.90 &+ 0.42 %.

Real interest is X (probe New Physics)




