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im Introduction

CPV in Mixing-De c ay
Interference
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~» CPV from the complex phase in the quark mixing matrix:

Vud I’fus 1- {’}"E #2} A ‘4’\3(P
Ve V. Vo | = A 1-(A2/2)  Ax
Vie Vi AN(1—p _AX 1

Property of W
unitarity matrix
""‘\vu::l""‘\f u
B—J/yK°
B—oK/m'K/KKK
B—D(*)D(")
B—dJ/ym?

K. F.Chen, WIN03, Oct. 7*, 2003



Recall the Physics ...

CPV in Mixing-Decay Interference

A ~ fop

J':j .I'I;i']J /

' A o |
E / My, : Mixing Amplitude

Double Slit
Experiment

A:  Decay Amplitude

. Decay dominated by a single CPV phase: |A/A| =1
2. CPV in mixing negligible: |¢/p| = 1

3. The only remaining effect is

Step =ImAgee ~ sinfarg(Mia) — 2arg(A)]

May 18, 2004 @ DESY George W.S. Hou (NTU) 8
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KEK (Japan)

May 18, 2004 @ DESY
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10



KEKB Accelerator

8 GeV dlectron
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im The Duel of the B Factories

KEK SLAC

Hiph Enerpy Ring
{upgrade of existing ring)

e
May 18, 2004 @ DESY



Peak luminosity [-:m'is" ]

Luminasity (remd in the last 2 years
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21.279 fb~1 (Apr., 2004) New record !ll

Ma
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The $1B Question: Mixing-dep. CPV in B —

I YK

Tag B
a, ~ 170 um CPB LG
R a, ~ 70 um _,/’:
Y(4s) | * 777 IR
By = 0.56 (0.43) Az 6:]%?
f AL = Az/ypc fPCcTy = 250 um
Belle
Red Hot /
One B Decay CP Eigenstate |J/¢Kj 7777, 'K, OKg, K0
Other B Decay Tag Flavor 2001 | Y

Measure Both Decay Vertex

May 18, 2004 @ DESY George W.S. Hou (NTU)

The Current Focus

[NTU has a hand in all]
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Current Belle and BaBar Results for sin(2f )

1.5 T T T T T T
_la:cll.n:li:dmcﬂhﬂnf.ﬂDECLl

\\ ] sin2g, (Belle 2003,140 fb?)
| =0.733+0.057+0.028

=

/

sin2@, (BaBar 2002, 81 fb?)
=0.741+0.067+0.033

PP sin 2. (WA)

VeV

s
| Precision Measurement

" : e sin2¢g, (New 2003 World Av.)
e _ N

1 oiouu DU DOUOUIUOT 1\5\\\“ 1 0.736£0.049

Thanks to A. Hoecker Browder @ LP03"



Sakharov Conditions: Matter
Universe

Sakharov (1964)

Antimatter — Matter if:

(1) Proton Decay
(Baryon # Violation)
(2) Matter-antimatter Asymm_i=— KM |
(CP Violation) “D%
(3) Out of Equilibrium

Particle Physics '@‘ Astrophysics

tiriuue Search for CP Violation

May 18, 2004 @ DESY George W.S. Hou (NTU) 18




iw Penguins (Vertex Loops)

Wt Real
bo "y T OS .
\Y 5s/) ¢ SM (KM) Prediction
RO t g s Sks = SIN2Q,
do > od/Ks 3
IE[J " Pl -
bR, SR Possible SUSY

(dnq)mR Y e
N L] +

E"i._< S FCNC/CPV Loop

May 18, 2004 @ DESY George W.S. Hou (NTU) 19



*W Introduction

S.x. Data and Stating Our Theme

May 18, 2004 @ DESY George W.S. Hou (NTU)
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200
Pe

Status of New Phases in b— s

Charmonium Modes

OPAL 98

+1.8
32 105

ALEPH 00

0.84" 0 +0.16

CDF Q0
+0.41

-79—0.44
BABAR 02
0.741+0.067 +0.034
Belle 02
0.719+0.074+0.035
Average (charmonium)
0.734+0.055

©0—|

4
=

(a)
X
—

4
X
e

BABAR 02
-0.18+£0.51+0.07

Belle 03

BABAR 03
0.02+0.34+0.03

Belle 03
0.7140.37 o oe

Belle 03 .
0491043
Average (s penguin)
0.19+0.20

Average (All)
0.701+0.053

—0.73+0.64 +0.22

f

| Winter 2003

-3

-2.5 -2 -1.5

1

-0.5

sin(2p)

1 1.5

2
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=

[ TIBBbar Pairs

Raw asymmetry
S

1} BY> oK (2003, Belle)
5
of . Vs

£ W] 3 Sarjft,r;ffs —4—
5 ; Ew+ _ﬁ=\

[ 8 ;*‘7(_ +
1 o i

& B 26 B 28 5 15 T ErapEels

At (ps)
S=—0.96£0.50 PPOSIe | G rp —+0.731

Sign
0,.’



BELLE

‘-LW Belle B — ¢K: 2002 vs 2003 =

78 bt SN2, (K ) = —0.73+0.64:+0.22

!

140fb™: SN2, (K ) = —0.96+0.50" >,

e Results stronger, but consistent (~ doubling of data)

3.50 from SIN2Q, = 0.73
e Statistics dominated
e 2002: published PRD-RC’03
2003: published PRL’03

May 18, 2004 @ DESY George W.S. Hou (NTU) 23



iw BaBar 2003: B — @K Systematic Issues

M' /i

81fb % Sin2P; (PKg) = —0.18+0.51+0.09

l submitted PRL
108 b SN2 (PKY) = HDAHDABBELD7 04/04

become consistent w/ 0.73

Data size increased and was reprocessed. Extensive
checks with data and Toy MC. The large change is
attributed to a 1s statistical fluctuation.

New 29 fb™1: Gives > +1!!

May 18, 2004 @ DESY George W.S. Hou (NTU)

Browder @ LPO3
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Sy, Sign Anomaly

[Belle/BaBar Average View]

158fb- SN2, (PK) = —0.39£0.41 2002

|

250fb™ SN2, 4 (PK) =/—0.15+0.33 2003
Still 2.70 from 0.73 (~ 2002)

Large, New Pnysics, b—s CPV

Effﬂﬁrbe Effective s-b Mixing
e ey CPV Phase

o Rigni-nanded Interaction

[to get SN2, (K(T0) ~ SN2, ]

Call for Synergies of Flavor & susy ?

May 18, 2004 @ DESY George W.S. Hou (NTU) 25
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Fo(B— oK™) =0.54 +0.10
R (B — oK*) =0.41 +0.
Ro(B — ,uh'*‘ ) = 0.96
Ry(B

.Iri." I

H.I._”(rf.-)

‘ R';‘fﬁ[j] S |

Ry /Ro= 0 (1)
R _ 1

© Mpredlctmn R\ /Ry=~1 —L=1+<)(E>

s B—o¢oK": R /R >1

May 18, 2004 @ DESY George W.S. Hou (NTU)



Fo(B— oK™) =0.54 +0.10
R (B — oK*) =0.41 +0.
Ro(B — ,uh'*‘ ) = 0.96
Ry(B

.Iri." I

H.I._”(rf.-)

‘ R';‘fﬁ[j] S |

Ry /Ro= 0 (1)
R _ 1

© Mpredlctmn R\ /Ry=~1 —L=1+<)(E>

s B—o¢oK": R /R >1

May 18, 2004 @ DESY George W.S. Hou (NTU)



iW Framework

e (approximate) Abelian Flavor Symmely/m_/
SUSY Has All Ingredients <

AFS  Has Right-hande d g Vv Phase

Mixing
SUSY Bringsin Right-handec
Dynamics
e AFS Model Pre-existed SK"”(KSnO)J

Nir-Seiberg, PLB'93; Leurer-Nir-Seiberg, NPB94 Theme for SuperB
e More Definite, yet Generic, Model Context

a . eorge W.S.,Hou 28
= Constraints o Pradictions



Theme

V Phase w/Crisp Measurement
“Belle”

<« “BaBar”
-

Kagan (SSI 2002)
Murayama et al. 2002
Khalil & Kou 2003

Chua, WSH, Nagashima ‘03, accepted PRL

Confession:

We've been saying for years “ICPV in B 2 @K is
a great place to search for New Physics”. It was
lip service. The mindset was “Precision Tests”.

So, 5;0/(5 < 0 for 2nd year, came as a shocker.

May 18, 2004 @ DESY George W.S. Hou (NTU) 29




4

(Abelian) Flavor Symmetry and SUSY

May 18, 2004 @ DESY George W.S. Hou (NTU)
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Mass/Mixing Hierarchy & R.H. Flavor
*W Sector

AT A2 A0
e
m, 4 2
A A 1H

Ansa

~ M N N
M, =2~ PR

BN @

Z

Mass
S

4 3 _ 3
D% S A S %’CKM

!
N2

N

MM ;= MM,

Commuting Charges

Or, under Abelian Flavor Symmetry we==) Prominent

e Nir-Seiberg, PLB93; Leurer-Nir-Seiberg, NPB'94

r.-h. elements

May 18, 2004 @ DESY George W.S. Hou (NTU)



Mass/Mixing Hierarchy & R.H. Flavor

Tgm Sector
AT 2 A0 A* |0 0|0
" M ~ M
Mu: u~%6 A4 AZ%Md:—d“‘ AZ AZ%
m, 4 2 m,
A A 14 b 1
Ansatz |M,M,=M,M,
Commuting Charges
Or, under Abelian Flavor Symmetry we==) Prominent
e Nir-Seiberg, PLB'93; Leurer-Nir-Seiberg, NPB'94 r.-h. elements

e Chua-WSH, PRL'01: Because of FCNC, Need 4 Texture Zeros (decouple s flavor)

Arhrib-Chua-WsH ‘01: Decouple d flgv =)
P i Focus: S -
Alternative Picture: b
_ . . i 2 _ . Chapg,
v, ~v, Mixing O BPENPRPRE 5, b, Mixing Hasirs,

May 18, 2004 @ DESY George W.S. Hou (NTU) 32



The new physics flavor scale

hierarchy
® K physics: ¢ TeV ~ 4mMy  scale
@@ decouple Ist gen.
N .
20 | A= 10f TeV |
A< Tension

® D physics: D — D mixing
o _ Az 1" Tev

2”0 =

® B physics: B — B mixing gnd CP\

0 *
— | A>10°TeV

2

——

There is no exact symmetry that can forbid such operators

Y. Grossman  Footprints of New Physics in the B System  Beauty 2003 —p.6



im Right-handed Quarks Inert in SM
5 squate) [SUSY
Assumme Squarks = m, almost degenerate
AFSnot far aboveSUSY Scale

also important
2‘ (2 WA _ _ m
<@2L ~ (Mq )LR = Mgm, —" suppr

e m

(]\2 5 )LL =m* Vegy CKM suppressed
1 0 00O

but (~§)RR = m? %) : RR Sector
- Impact b(1s
0 = thru SUSY

May 18, 2004 @ DESY George W.S. Hou (NTU) 34
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Level Splitting by Large Mixing

- Drive One State Light s

- ﬂ 5 oo strange-beauty squ

~ = 2 i 352
~ ~,h ﬂi'gg Msq€ 1y §] N
M3s€'7 M, 5

H.':[ o ””_]

e Mear Maximal Mixing:  sp ~ 1h_.="§
e T — 511‘5_-;[;17@]“ similar footing as ¢y = arg V5 1 CP Phase o

Light sby|w/ Sc::m ) Set 112, — T2y = 11, ‘

With m3,/m* =1 —4d ~ 1,

m; = dmc, m; = (2 —5}m

Tunings: take o = 2 { Te"'uf

= E6BUSN
= iy = 440, eV 4?0 Gev) POBSERY

May 18, 2004 @ DESY George W.S. Hou (NTU) 35




im Some Remarks
e Fine-tuning to A%— A3 to get light sb; ?
Fine tuning! A° OV, A° OVyp

e Why TeV Scale SUSY?

Large Flavor Violation (s-b)
(1 Stringent Low Energy Constraints

- even wy d decoupled;
- all other SUSY partners a “nuisance” :), so pushed high

TeV Scale SUSY w Strange-beauty Squark

“Light” Particles: || sb sl [ 200 GeV
g * ] @ phase
1 (11?) 500 GeV <=

likely X1 LSP?

George W.S. Hou (NTU)

Vil

May 18, 2004 @ DESY 36



Accounting for Sy, Sk.se Sy«
and |A-(@K)|?

May 18, 2004 @ DESY George W.S. Hou (NTU)
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iw A Little Note on Formalism ...

e Besides O,, Tree
0O,  Strong Penguin . {TRightrhaneed Goupt O
O..,,__EM/EW Penguin ’
also(O;; ;> Y/9 Dipole )

Coefficients c;, c¢; calculatedin MassBasis

Matrix Elements evaluated via Naive Factorization

May 18, 2004 @ DESY George W.S. Hou (NTU)



¢ b 95}/ (and B 2 ¢K)) Rate Constraints

. Sldrvwe b 2 sy Copstraipnt !! e B 9 (p/(s, ’/(5 Rates
C . — | ' | '
| - !
24 | -
clbg f : —
1_ : =~ “‘ N
I 7 N,
T o A.__.\‘ v
Tm 0.5 /\\A .

mg = 800 GeV More Conserv

e oK, Rate "Sees Red”
e Cannot Account for nK; Rate

Not a New Problem To ' |~ "=l =7
@ m I“—I’ |
Combine b 2 syand B 2 ¢K; L |
10~ Tf/i 31Y2 ? o/t

May 18, 2004 @ DESY George
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>

Tuning for Sﬂ(s 0, S/(Sna ~ SW(S Possible

------

‘—"N.

|
|
|
0/6k :
N i .
S 0.4 b
- |
.2} 1
O: S Y
ANCY 14 ]
: 5 0.5 TeV Preferred
|
I—— |
[ 1
. 8L

0\ Simpler (vs 5,7/,(5)‘;

1 15
o/Tt

Sy [ O prefers lower o-plane

0 S0 Spx L SIN2®g, as well!

ower gluino mass lowers Sy
e Hadronic Parameters

CP phase enters B - @K via

2
a,m ~

b
—5 b (c1p + c12)S oK
471 q §

~

Lower g2, and/or larger S g,
[ Larger | Sy, |
0 Prefer to keep gluino mass
above 500 GeV (L.E. Constraints)

e Could o] w2 be it?

2 Noticed also by Khalil & Kou ‘03 for S«

[Murayama et al. '03]
‘ge W.S. Hou (NTU) 40



Amplitudes

A(B" — 6K") = —V2G ;- fomgF 1”4”&' ('”’-?};j £y - Pp

1”,1!1 {{u.;g, + H.-:fj) -+ {:u._l -+ ”-!4) -+ (H.-,r_; + (%)

| (ar + N ) _|_i_(;’; _-;;;E_ _‘_;*_ - : (
9 ary T ag @10 i_'“'l_’f*[_fl__l_f&_gi_i 1
hadronic
uncertainty
r===== j _______
- - g My ~
.A(BU — I{(]’"(]J X { E ’TQ_; S g0

Reason why Opposite Trend in Sy Vs Sk, Sy«
Right-handed interactions

May 18, 2004 @ DESY George W.S. Hou (NTU) 41



X

: Brand |A (@K™)|2 ~ 0.4 Attainable

| WSH, Nagashima, Soddu (to appear)

-
1

"
7
-_——ft ==t =}

=

At cost of larger hadronic parameters S K /q2

May 18, 2004 @ DESY George W.S. Hou (NTU)



Direct CPV

» Improve Agreement with Data vs QCD Factorization

May 18, 2004 @ DESY

George W.S. Hou (NTU)

+0.27
-0.28

K 0

+ 0.10
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Upshot

i

Two Particle System

SI!.'-']_H

g

~ 200 GeV
~ 500 GeV

NP CPV phase o ~ 60° - 70°

May 18, 2004 @ DESY

. Collider

Direct Search

/

<= F|avor Factory

but need to disentangle hadronic effect
— _/

~

Clean Modes

George W.S. Hou (NTU) 44



May 18, 2004 @ DESY

Situation for B. Mixing

George W.S. Hou (NTU)

Clean
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¢ COnsequenceS: AmBS, SinZCDBS TO?/lgh (I’?)

20 _~ I I T I T I
m, m:g = 1,05 TeV
,U? 15 | /\ =
< 172,05\,
~ "y ANES ]
210 Q 1,0.8 TeWy -
S e T T = .
| 7
< 50 2,08~

ike o [ 172 as example

ighter gluino ~ 500 GeV Needed

- Amg.> 70 pst  Tough !

- sin2®g .~ 0-1 Tough ?<>
Vould've preferred [arhib, Chua, WSH 01]
ieavier gluino but for ... S5, 1 0
-or lighter gluino,
periodicity change
n M =M,

—

2it F — i
2i — 2ir it
& ‘I}==|:ift.’ +Jr'-'r.’ +

A-term dominant (two sbip exch.)

100 GeV shyp ?

~ 200 GeV case
:xcept, Easier Direct Detection !

W.S. Hou (NTU) 46



Experimental Prospects for Amg,

Significance

- - - g 10
CDF Bs mixing prospect by 2007 gl
10 3 o
Q- Bs mixing rearch with 2fb-1 data | | ~ .. “\
B o ———
?’ -
E -
5 e
4 - :
3 - « = = :
» | Diminished :
1 1 Expectation: -
0 i A 4 : delta ms
1] 10 20 30 A
X Xs Reach of BTeV
— A o F
g E‘l'(brﬁv \. E 0-9? o ATAT G aea = 0-9
=251 Q : 0.8
§ [ Peak Luminosity m : = = AUATimuaea = 1.0
E > [ = 2x10%/cm?®/s m E 0'7? s AUAT,eq = 1.1
& YK NP oer
D sL h 0.5F
S o.4§—
o 1 + C
£ °*-50 at 68
L o5 - - :"_’""[_)_?_7_’( ________ 0.2? ............... :
.§ re = Amg/Up, &~ Amg X 1%6, A\Ps : 0-1F
) 10 20 30 ;L(O 50 60 @ go X 0= 410 — 610 — 810 1

Limits[ps’]: 50

- G

O-iat

225
projected
total 21
actual
0-totaJ 16

95% CL
36

May 18, 2004 @ DESY

George W.S. Hou (NTU)

Seems

| Good.



Go for Untagged Al g, CPV Effect?
H_I WSH, Nagashima (hep-ph/0404001)

~ 10% I g, Accuracy Poorer

B
Amg,

2 Re [g_:a_,-a ']

SiN2AM, (dy)

AAr FEEEE 2 oS E"fI',rg_d

~ -1 for oll 102

a'n ’ ) Ili an
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Go for Untagged Al g, CPV Effect?
H_I WSH, Nagashima (hep-ph/0404001)

~ 10% I g, Accuracy Poorer

B
Amg,

2 Re [g_:a_,-a ']

SiN2AM, (dy)

AAr FEEEE 2 oS E"fI',rg_d

~ -1 for oll 102

a'n ’ ) Ili an
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- KTH~

B,

03

(M), LS

.-1-“ [ '] .-1-_
= 7
) Bawauis

50

George W.S. Hou (NTU)
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i

Super B: Crisp Measurement S,(m(,(s,,o)\y

Inspired by S;_» (BaBar)

May 18, 2004 @ DESY George W.S. Hou (NTU) 51



BaBar: CPV with B9 > K_m° [b>s d dbar]

— Gob BABAR | -
asymmetry _g
K Vertexing: Unique to B Fact0||y Pk
U e T e
boosted Y (4s) K o 2s° T -0-45— . E
B° ‘4“"“‘ 22: 3
e_ R <_e+ ]'- | 1 | | | _E
6 I 4 III 2 I 0 I 2 — 4 — 6
At (ps)
N = 12316
C = 0.40;,(5; +0.10

S = 04892 01D

S(C=0) = 0.41°% +0.11

Events /3 MeV/c 2

In the absence of
New Physics, S = sin(2f ,)

; | =0.731%0.056
52 521 522 523 524 525 526 527 ;2!;(;2%'9‘,' 2‘53 GeorgeWS Hou (NTU) BrOWder @ LP83




Implications: Wrong Helicity Photon in b 9 S yL

e Strength of Mixing-dep. CPV
Si n 20 — 2 | Clléi) |

i 7 7 2
mix (ley 17 +ler )

S0 =<sin29£sin(2¢Bd -9 -¢ HW
Test y;, component

(Atwood, Gronau, Soni, 1997)

® Sk km)y NOW Promising / ]

|

:
Eree ofhadronic unce tam y i
In contrast B, 2> @ ¥y S
|

:

probably rely on Al g !

<O.6-— .
1 q i —_ T~
e Can also test y;, comp. via o4 ST TN 1
N\ Polarization in A, 2 Ay 02
(Mannel, Recksiegel, 1997) 067‘ . .

May 18, 2004 @ DESY George W



| Confession 11

e Liked AGS Mechanism since beginning
Quantum Interference requires two helicities
e Alas, Nature is Cunning: K7 > Ks7¥ ot
\\
No Track! O“g
Pursued B° - K; (1270)y etc. instead (in Belle% g,oX
e So, BaBar's Sy_» came as a shocker
‘course, had Iarge(r) Si (than Belle)

we===p BaBar at Moriond;  SuperB Future

N.B. 5/(57'[0}/ difficult
for hadronic

May 18, 2004 @ DESY George W.S. Hou (NTU) 54



New B — K*’~: CP result on 113 fb' prelim.

T T T T T »
w Il — —]
= [ —sigsbig BaBar
,_,!,, ) S prafiminary E
B [ p—
bk
g 10 - -
sk :
W [ .
o 2 { S 1T —
E ,_.-—.ﬁ:r_'—p.:‘_""—-—-____‘_f

”

Multidimensional fit to
= Kinematical variables
mes AFE . m(K")
- event shape variables
- proper time At

The fit takes into account

~ Continuum and BB background
- Resolution effects on A=z

- Tagging efficiencies and
mistagging probabilities

L -4 -1 o 4 at{pﬂﬁ
¢ Main systematic from the uncertainties in the CP structure of the background
-L*'Ir':':.- — (0,25 4+ 0.63 +0.14
r'h.:,j? — —0.564+0.32 + 0.09
» One expects C'j-0, = —Acp(B” — K ') that is consistent with zero:
.L‘.-'H:l_'l_:l_ — (.25 :l: .65 :l: (). 14 If_|i_‘~;i]|_!_';f-‘r{:|:|_:l_ — |,:I|

EusEmMIO PaoLom Moriond EWVW 2004 12
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New physie through b — 5p — Mikihiko Nakao (KEK, ['NS}

BY S KOy

p17

1EF ! ! ! 1 I 1 JNFE T T T T T

. - C - -9 -

uE K2ty MC 140 b N K2ndy (FSIM 50 ab™) 3
5 PE Yield 837+ 1.3 3.2 E“E SuperBelle SV
10 C .

= = _F 20 outer layer 3
E— a2 E 15: - =
+ B E g =
8 | ”-" |'||—| E ;
2 Ii “UUU[FI” ESvD Lx {IJW"JW
0 F21° guter Inm el i

Beam-anergy constrained m.:uﬂ.[Gn'l.f.'c?]

Fll
5 10 5

H: reconstructed wertex radius [cm)

@ Technique developed by BaBar (B — KIn" mixing CPV) SVvD
& 50°% useful with current SVD / 70% with SuperBelle SVD SlZze

@ Sensitivity is similar to B — 1’KY (85,40 = 0.27 for 421 event)
- [ = il K _"i

5 ab~! ‘ 2000 events

50 ab™! " 20000 events

May 18, 2004 @ DESY

-
o o W
L R e R o |

Eniries / 0025 Geic”

e 525 5@ B3
M, (Gevic?)

50 measure for S [1 0.2
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funding for the lumj
KEK, and for othe

super-B factory.

A no-nonsense guy!

arch programs other than the B factory, the
upgrade of a B-factory is not an easy task for

Totsuka sensei’s Charge to Super-KEKB

(Belle) HLS @ Izu, 9/04

I agree w/ him ...

B vs SSC, ' 93

Uuper
*a[e NP CPV Phase w/Crlsrp Measurenﬁlnt

Theme

May 18, 2004 @ DESY

I

George W.S. Hou (NTU)

IKsy
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ﬁw LaEe NP CPV Phase w/Crisp Measurenﬁlnt

o Large effects in Sy, (Sk o, Spx) and |A-(@K™)|?
but plagued by hadronic uncertainties ...
e Large NP CPV Phase implied by Sy < 0

Projects Crisp Measurement of S¢ s, # 0
o No Target to Shoot for if Sy < 0 Goes Away

Let’s Hope for the Better This Summer !

May 18, 2004 @ DESY George W.S. Hou (NTU) 58



i

B Factory was Built based on B — J/(/ K

A Clean Mode such as B — K 7Py
Justifies SuperB

Satisfy Totsuka sensei (MEXT)?

May 18, 2004 @ DESY George W.S. Hou (NTU)
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e DO-mixing: Just at present limit

[because Vs shifted to uc sector
generic for Alignment models

e Cannot escape 19°Hg edm
[complicated enough

May 18, 2004 @ DESY George W.S. Hou (NTU)

(Hisano & Shimizu 03)
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May 18, 2004 @ DESY

Collider Study

ship ~ 200 GeV
g ~ 500 GeV

% LSP ?

[e—

w/ Kingman Cheung, hep-ph/0404041

George W.S. Hou (NTU)
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M.Schmitt | MWL Higgs and Supersymmetry Generic 16
Jets { + Missing Energy) ( + Leptons) Squark Bounds

From RUN I, the lessons on reducing a huge MET sample to a few, constraining events:

CDF PRELIMINARY [Ldt=84 |:-I:-'1 vs=1.8 TaV

B+ = 3 jets search for gluinos and squarks

' Entries 2517998 1 e . . : :

. |- \ b | | CDFPRELIMINARY |-

I 450 [ grudseh | Ldi-gdph’ Vs=18 Tev |-

MET trigger | ol i N GRA | 1A I-“m WSPING | -

I ! d|||D _

= 1at Selaction hEli el ]

& 1w B :nd Selection s T i

E"' 2 L. w : udsc ]

5 5 | i h ﬂ--s----::.:'v i/
el 2 |I ]
o = 250 BT

™ .E- | 1 e

L = am | : |

4 = o ol

10 i ]

1501 "l : . -

||||| na 14 prt ||

\ ul. ‘{:‘fl.'rt-:-r 'I—':: T:I

"I|
e&ﬂ'\\\\ \\\\\\\\\\\\ \n.mmx\ )
[ D 200 300 L0 200 30K 400 500 LN
£ (CeV) M g (GeVic®)
Most stringent bounds in mSUGRA —— mj =195 GeV, and > 300 GeV when m; = m;.

NB: much better than expected a priori. ..

Lepran- Photon 11-August-2003% Farmilab



M. Schmitt / MWL Higes and Supersymmetry /\ 15

(From RUN 11, a new analysis looking ’r’r::'rlg - b by I‘*,__I_']:}I-':I ‘b;EI/ 5;?31 |

Take advantage of the large cross sections for the production of gluinos at a hadron machine.

7 . hv° sy°
{- much better b-jet trigger, greatly improved acceptance SD1—DX1, SX]

e b-tagging (SVX algorithm)

~0
\* currently using only a fraction of available data L (bb+Sb+bS+SS)X1

— 24 NP PRI EPIFEPI BRI IR I
Sy COF Bun Il Preliminary
'L ' ! T 9 ]BRE-bE-100e | Lot = 3napb7t |
E E —— Ealore Cleaning Culs E_r:'__ o mlﬁ::r' 500 GE"""E'?- I
[ u - 1mi=a00aile”
= | [T} i s | .
IE . L] I:l Aflar Claaning Culs % EDU— y _.-.4""' 053 C.L. excluded region
= = - -yl
= I — L .1.';"1 /7
B [Eniries 26423 ] = / .
— i |
0 s 189 Diluted |
: I ] _isimhrTTa] [
- n 1604 e N
10 _g' T 1 _| s
0

. b f[ Iﬂﬂ 148 :'
100 300 ET) a0 m0n — mo 12'3‘: COF Run | 95% C.L exduded -

Crffline MET {GeV) 1 L

v - - 10'3—'"'I""I""I""I""I""I""I""_

Note how much cleaner than in Bun 1. 180 190 200 210 220 230 240 250 260

Gluino mass (GeV/d)

1] ——

Lepron-Photon 11-August-3003 Farmilab




(pb)

Cross Section

Cross Sections at Tevatron

99,99 — 94

G, 99 — shy sy

10 :
Dominant
10° Ecy=1.96 TeV
Tevatron

~ ~*\‘

.. sbysb

Tevatron

mg =500 GeV mgp, = 200 GeV

2
107 ¢ ‘n.‘pr(%duc]tion
"._sh, b, + by b,
103 _
sb;g -
10-4 1 l 1 L
100 150 200 250 300

M, (GeV)

~ 0.1-1 pb

Ecy = 1.96 TeV

qd, qg — sby sb; | A few hundred events at few fb™

May 18, 2004 @ DESY

George W.S. Hou (NTU)
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(pb)

Cross Section

Cross Sections at LHC

l g gg — sby Sbb I 499,99 — 99
3 3
10 I T T T I Y I T T : 10 [ I T T T T T T T
, Now Dominant| [ I
2 4 Ecy=14 TeV - - -
? \ | . | 10° % : Ecy=14 TeV ]
10" B | LHC - AN LHC
‘l\ 10t ~_ 1
100 1 az 500 GeV __ 0 | msb1—200 GeV
10- F | 1 10° ¢ I E
A |
10° F | E o I ”
N = L X '
0 . o roduction P :
ot :§b1 Sy + by sby | Wy |
! Ny - ! TN
10-5 i 1 I 1 L 1 I P2 10-3 I H I I I I —
200 400 600 800 1000 1200 1400 1600 1800 2000 200 400 ,600 800 1000 1200 1400 1600 1800 2000

msp, (GeV) N\

_J my (GeV)

sh | "3'51 Somewhat forward

—
Both ~ 10 pb

g More massive event | s(hlg — ¢sb; Distinct, probe s — b

May 18, 2004 @ DESY

George W.S. Hou (NTU) 65



Cross Sections at LC

|
| II | | : I T T T
|
|
| sb, sb; |
! sb, sb, production
- . IEcy = 0.5 TeV
;é 10° | |
% I ~o
8 : ECM:]'TeV
()
g |
S S l
I e
O |
Ll T Ecy = 1.5 TeV
|
|
|
10-3 I IJ | | 1 1 [ | 1 1 .
100 150 200 250 300 350 400 450 500 550 600
| mg, (GeV)

~ 10 fb

May 18, 2004 @ DESY George W.S. Hou (NTU)



‘-HW Detection

e Basically, just a light "b"-squark in Production
so, Discovery not a problem.

e Question is Decay.  sby — s/b+ "  bino LSP
OF &b — s/bi gravitino

sin2@ s b fraction
Anyway, need Good b-tagging ! [s-tagging?]
e Can sbyp be Stable? (LSP)
In principle - Heavy MIPs

May 18, 2004 @ DESY George W.S. Hou (NTU) 67



Cross Sections at Tevatron

G, 99 — sby sy 949,99 — 99
101 T T T 101 : T T T
Dominant [, sum
0 - ] 0 -
10 Ecy=1.96 TeV 10 £ qq Tevatron
= Tevatron
2 mg =500 GeV i 99 mgp, = 200 GeV
s W Ul S
2 “
‘g . production
N .“‘ ~ o~ \\
-2 ~. Sbysb 2 ~
2 10 “‘..‘Pr(%duc]tion 10 S0y @S,
O e N
108 _ e wie o R
Sbl g e R N
10* : . : ' ! 10" . L . Lo
100 150 200 250 300 350 400 200 250 300 350 400 450 500
M, (GeV) mg (GeV)

~ 0.1-1 pb 1 0.01 pb
g4, g9 — sby sb, | A few hundred events at few fb™1

IIH:-‘-J J‘ll.-'o 1 .r'll-'O
sbi—byi, Sx;
May 18, 2004 @ DESY George W.S. Hou (NTU) 68




TABLE II: Cross sections in fb for direct squark-pair production at the Tevatron with s =

1.96 TeV, for 0. 1, 2 btagged events. The imposed euts are pry = 15 GeV, || < 2, btagging effi-

— clency epag = (LG, and a mistag probability of e, = 0L05. In parentheses, we give the contribution

fed down from direct gluino-pair production.

e Discovery (> 10 evts)
up to 300 GeV
w/ 2 fb~! & sin?g,>0.5

e Single vs double b-tag
contain info on sinég,,

e b-tag cross section:
check consistency
VS Mass

M, (GeV) 0 bhtag 1 htag 2 htag {F h-tag 1 b-tag 2 h-tag
standard _sir’4, =1 sbeauty sin® iy, = 0.75
150 115(0.11)  288(0.54)  175(2.2 190(0.20)  284(0.89)  104(L.6)
900 26(0.001)  TO(0L40)  47(2.2) 44(0.27) T0(0.85) 28( 1.7)
950 6.1(0.000)  17(040)  11{2.2) 11(0.27) 17(0.85) 6.8(1.7)
300 L5(0.000)  4.2(049)  20(2.2) | 26(0.27)  4.2(0.85) LT(1.7)
350 0.38(0.000)  L.1(0.49)  0.72(22)| 066(0.27)  11(0.86)  0.43(L7)
400 0.094(0.090)  0.26(0.49)  0.18(2.2) | 0.16(0.27)  0.26(0.86)  0.11(L7)
450 0.022(0.006)  0.06(0.51)  0.042.2) | 0.038(0.28) 0.061(0.87)  0.025(1.7)
reference sin?6y, =05 | shyp sin?#,, — 0.25
150 983(0.66)  243(L2)  51(1.0) 305(1.3) 165(1.1) 17(0.40)
200 65(0.63) GL(1.1) 14(1.0) 06(1.3) 42(1.1) 16(0.42)
950 16(0.62) 15(1.1) 3.3(1.0) 23(1.3) 10(1.1) 1.1(0.42)
300 1000.63)  Ga(L1)  084(L0 5.8(1.3) 25(1.1)  0.28(0.42)
350 1.0(0.63) 0.03(1.1)  0.21(1.0) 1.4(1.3) 0.64(1.1)  0.071(0.43)
400 0.25(0.63)  0.23(12)  0.052(L.1)]  035(13)  0.16(1.1)  0.017(0.43)
450 0.055(0.64)  0.053(1.2) 0.012(1.0)| 0083(L3)  0.037(L1)  0.004(0.42)

May 18, 2004 @ DESY

George W.S. Hou (NTU)
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. Conclusion

o Spicer Sk Spx.Data May Call for
- Large s-b Mixing, w/ New CPV Phase
- New Right-handed Interaction

e AlLight Flavor-mixtsb;z  Squark?
Independtly Well Motivated (Flavor & SUSY)
e Survive b 2 sy (1)

e Can Account for Sy (1 0, but S¢_», S,%, ~
Sux

S
* Amg,, sin2®g_ May Become Difficult
* Sk.0, NOW Promising !!

1 Push for SuperB w/ Large Silicon

May 18, 2004 @ DESY George W.S. Hou (NTU) 70




‘-HW Conclusion-II

1 Study Collider Aspect

Nonstandard, Flavorful TeV SUSY |CP Phase !?
w/ light Strangebeau sp,

May 18, 2004 @ DESY George W.S. Hou (NTU) 71
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Backup Slides ...

George W.S. Hou (NTU)
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The move ... 3

Old result: Fit to Ks, Ks —m*n and Ks — n%® sample combined
(80 fb™)

S=-018 +051
C=-0.80+0.38
Old Ks —m'n only: S5=-012+ 052
C=-0.77 £ 041
Overlap between reprocessed (new) Runl+2 and old Ks —m'm
(B0% overlap)
Old Ks—rm: S= 0.02+055
C=-057+044 AR OD
} AC ~ 0.3
New Ks —m*n: 5= 005+ 051
C=-025+048
New+Run3 Ks —r*n: Sz 045+ 043
(110 fb™) C=-038+037

Mahalaxmi Erishnamurthy  Beauty 2003



Case History

................ I_.T'_\H E?:ar
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iw | in Dynamics: CPV & BAU

ElectroMagnetism: (everyone can feel
Charge e is Real.
"We"” Understand: Gauge Charge is Real.

Im a0 ine_aCaomplex Coupling :

True, or, Possible, for Yukawa (..) Coupling of
quarks/leptons to Higgs boson(s)...

Quantum Interference in Amplitude More Interesting
n===)> How CP Violation Appears

Finally Explain BAU and Sakharov ...

College Colloquium. Apr. 16, 2004 George W.S. Hou ([T 75



Once More on BAU: The Sakharov View

e B#V

o CPV (“Direction”)
e Nonequilibrium ("Direction”)  10-2 Matter left /

Pair
Annihilation

( = Cosmic Microwave
Background )

Equalnatter
-Antimatter



