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Outline

@ Brief introduction, importance of up flavor physics.

® Model independent information (effective field theory).

® Charm physics & alignment models.

® D — D mixing, the connection with tFCNC.
® Model dependent information: (MFV, SUSY, RS).
@ The potential of DY — utu.

€ Conclusions.
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Why Up ?

@ SM way to induce flavor conversion & CPV is unique.
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Why Up ?

@ SM way to induce flavor conversion & CPV is unique.

@ Absence (?) of deviation from SM predictions implies

severe bound on new physics (NP).

® Most of precise information involves K, B mesons, linked to

down type FCNC.

@ Most severe hierarchy problem is induced by the top sector,

which is indeed extended in most of natural NP models.
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What do we know about
New Phys. flavor sector,
model independently?




Generic bounds via effective theory

AF = 2 processes among the cleanest.

In the SM proceed at loop and highly suppressed.
To leading order beyond the SM:

(7:95) (4iq;)
Afp
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Generic bounds via effective theory

AF = 2 processes among the cleanest.

In the SM proceed at loop and highly suppressed.
To leading order beyond the SM:

(7:95) (4iq;)
Afp

What are the bounds on Anp

for different flavor transitions?
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AF = 2 status

Isidori, Nir & GP, Ann. Rev. Nucl. Part. Sci. (10)

Operator |Bounds on A in TeV (¢;; = 1) |Bounds on ¢;; (A =1 TeV)| Observables
Re Im Re Im

(5py*dr)? | 9.8 x 102 1.6 x 10* 9.0 x 1077 3.4 x107° Amp; ex
(5pdr)(55.dg)| 1.8 x 104 3.2 x 10° 6.9x 107 2.6 x 107! Amp; ex

(epytur)? | 1.2 x 103 2.9 x 10° 5.6 x 1077  1.0x 1077 |Amp; |¢/p|, ép
(érur)(érur)| 6.2 x 103 1.5 x 104 57x 1078 1.1 x107% |Amp; |q¢/p|, ¢p

(bpy*dr)? | 5.1 x 102 9.3 x 102 33x107% 1.0x 1076 Amp,; Syks
(brdr)(brdg)| 1.9 x 103 3.6 x 10° 56 x 1077 1.7 x 1077 Amp,; Syks

(bry*sr)? 1.1 x 102 7.6 x 1075 Amg,
(brs1)(bLsr) 3.7 x 102 1.3 x107° Amp,

(tyHur)?
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AF = 2 status

Isidori, Nir & GP, Ann. Rev. Nucl. Part. Sci. (10)

Operator |Bounds on A in TeV (¢;; = 1)|Bounds on ¢;; (A =1 TeV)| Observables
Re Im Re Im

(5py*dr)? | 9.8 x 102 1.6 x 10 9.0 x 1077 3.4 x 107" Amp; ek
(5pdr)(5rdR)| 1.8 x 10% 3.2 x 10° 6.9 x 107 2.6 x 10711 Amp; ek

(erytur)? |1.2 x 10 2.9 x 10 5.6 x 1077  1.0x 1077 |Amp; |¢/p|, ép
crur)(Crur)| 6.2 x 103 1.5 x 104 57x 1078 1.1 x107% |Amp; |q¢/p|, ¢p

(bpy*dr)? | 5.1 x 102 9.3 x 102 33x107%  1.0x 1076 Amp,; Syks

iJ‘.S; (brdr)(brdg)| 1.9 x 103 3.6 x 10° 56 x 1077 1.7 x 1077 Amp,; Syks

(bry*sr)? 1.1 x 102 7.6 x 1075 Amg,
(brs1)(bLsr) 3.7 x 102 1.3 x107° Amp,

(tyHur)?

D-system falls only behind the K-one
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AF = 2 status

Isidori, Nir & GP, Ann. Rev. Nucl. Part. Sci. (10)

Operator |Bounds on A in TeV (¢;; = 1)|Bounds on ¢;; (A =1 TeV)| Observables
Re Im Re Im

(5py*dr)? | 9.8 x 102 1.6 x 10 9.0 x 1077 3.4 x 107" Amp; ek
(5pdr)(5rdR)| 1.8 x 10% 3.2 x 10° 6.9 x 107 2.6 x 10711 Amp; ek

(erytur)? |1.2 x 10 2.9 x 10 5.6 x 1077  1.0x 1077 |Amp; |¢/p|, ép
crur)(Crur)| 6.2 x 103 1.5 x 104 57x 1078 1.1 x107% |Amp; |q¢/p|, ¢p

(bpy*dr)? | 5.1 x 102 9.3 x 102 33x107%  1.0x 1076 Amp,; Syks

iJ‘.S; (brdr)(brdg)| 1.9 x 103 3.6 x 10° 56 x 1077 1.7 x 1077 Amp,; Syks

(bry*sr)? 1.1 x 102 7.6 x 1075 Amg,
(brs1)(bLsr) 3.7 x 102 1.3 x107° Amp,
Errur)®) ! ! !

D-system falls only behind the K-one
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AF = 2 status

Isidori, Nir & GP, Ann. Rev. Nucl. Part. Sci. (10)

Operator |Bounds on A in TeV (¢;; = 1) |Bounds on ¢;; (A =1 TeV)| Observables

Re Im Re Im
(Ejjy“d,;)2 0.8 x 102 1.6 x 10 9.0 x 1077 3.4 x 107? Ampg; €x
Srpdr)(5rdgr)| 1.8 x 104 3.2 x 10° 6.9x 1079 26x 1074 Ampg; €x

1.2 x 10
6.2 x 103

2.9 x 10
1.5 x 10%

56 x 1077 1.0x 1077 |Amp; |¢/pl, ép
57x107% 1.1 x107% |Amp; |q/pl,¢D

(eLy*ur)

CRUrL)(CLUR

5.1 x 102 9.3 x 102 3.3x107%  1.0x10°% | Amp,; Suxs
* (brdr)(brdgr)| 1.9 x 103 3.6 x 10° 5.6 x 1077 1.7x 1077 | Amp,; Syks
(bpy*sr)? 1.1 x 102 7.6 x 1075 Amp,
(br s)(brsR) 1.3 x107° Amp,
o
((tLy*ur)?) tFCNC linked ! !
to SAC =2
D-system d the K-one

stay tuned!
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AF = 2 status

Isidori, Nir & GP, Ann. Rev. Nucl. Part. Sci. (10)

Bounds on A in TeV (¢;; = 1)|Bounds on ¢;; (A =1 TeV)| Observables
Re Im Re Im

Operator
(5py"dp)?
Spdr)(SLdR)

9.8 X

(CLW“UL)
! CR Uur, CLUR

AC = 1 are weaker, will
w3 become very interesting in the [
k223 future (see later), provide a/pl. 61
independent probe. o s

K; €K

K; €K

tFCNC linked

D-system

to AC =2
stay tuned!

d the K-one
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Huge recent progress in measurement of mass splitting
& CP violation (CPV) in the D system:

¢ System parameters roughly determined (HFAG):

4 z = (1.00 £ 0.25) x 1072,
y = (0.774£0.18) x 1072, _mtm L _TitT:
_mtm o DAl
1—]q/p| = +0.06 £ 0.14, e
L ¢ = —0.0540.09, )
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Huge recent progress in measurement of mass splitting
& CP violation (CPV) in the D system:

¢ System parameters roughly determined (HFAG):

g r = (1.00+0.25) x 1072,
y = (0.77 £ 0.18) x 1072,

Absence of D CPV
—  a SM victory!

1—|q/p| = +0.06 4 0.14,

/
¢ = —0.0540.09, J
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Huge recent progress in measurement of mass splitting
& CP violation (CPV) in the D system:

¢ System parameters roughly determined (HFAG):

g r = (1.00+0.25) x 1072,
y = (0.77 £ 0.18) x 1072,

Absence of D CPV
—  a SM victory!

1—|q/p| = +0.06 4 0.14,

/
¢ = —0.0540.09, J

SM: D system is controlled
by 2 gen’ physics = CP conserving

Bottom contribution is down by:

2 *

Vur V. _

O (%5 x py) =107
b us CS

(see talk by Lenz)
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The power of CPV in the D system

: : « [Golowich, Pakvasa & Petrov, PRL (07);
Assummg no direct CP: Kagan and M. D. Sokolof, PRD (09)]

Y12 = |F12|/F, T2 = 2 iwlz|/re P12 = 31”8;(31’12/F12)-

Yy <THP ~0.012, 2 sing)y < zTPsin¢HP ~ 0.0022,

~J

/

Gedalia, Grossman, Nir & GP, PRD (09).

long distance

dominated!?
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The power of CPV in the D system

9 = I 17|/F. T =. '1[10|/r Olo — ‘11’0'( "\[19/1—‘12).

.l},‘ S THP ~ 0012, zp, singd)y < zHPsin P ~ 0.0022,
If x is due to NP then it missed
a chance to revealed itself in O(1) CPV.
NP,
II\DIXI Gedalia, et. al (09).
1.0:
/ o8t
CJQ y 06F \ /1/00
xS : -
// 0'4: B
,-f‘/ A
02k &
I DI | GMFV LNIF;V sin 20 ((’)‘\:p = 20p
~10 -05 05 10 P
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The power of CPV in the D system

Y12 = | 19|/F, T19 = l‘[pl/r 012 — Ell'g(f\fl‘z/rlg).
Ty S THP ~0.012, zN singd)y < THPsin ¢S ~ 0.0022,
If £ is due to NP then it missed
a chance to revealed itself in O(1) CPV.
NP,
|~‘12 s Gedalia, et. al (09).
i
| osf "'\
Al
CJ / 0.6:
éo/ : see later
0.4:
__// i 1
— 02 -
—ll.O. T l—(;.Sl
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What do we conclude !

€ SM mechanism to induce flavor & CPV

The Nobel Prize in Physics

is successful.

© The Nobel Foundation Photo: U. © The Nobel Foundation Photo: U.
Montan Montan

Makoto Kobayashi Toshihide Maskawa
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What do we conclude !

€ SM mechanism to induce flavor & CPV

The Nobel Prize in Physics

is successful.

© The Nobel Foundation Photo: U. © The Nobel Foundation Photo: U
Montan Montan

Makoto Kobayashi Toshihide Maskawa

€ Resulting bounds are too strong to allow for generic TeV-scale

NP - tension with solving the fine tuning problem.
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What do we conclude !

€ SM mechanism to induce flavor & CPV

The Nobel Prize in Physics

is successful.

€ Resulting bounds are too strong to allow for generic TeV-scale

NP - tension with solving the fine tuning problem.

€ Hint for underlying structure of microscopic laws of nature.
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What kind of NP survives?

@ Flavor blind/universal NP, for sure, but then cancellation of top

divergencies looks like a miracle. [P

e 3
P et
. '_,a“‘%d.;;.?-'-"bf‘ﬁ‘?gi
e Nl i |
S Fe ¥
@ OTT Mear ™ =
W e e Y - \
A ., - Y
R o > G ==
S ¥ piee- ‘
must be > _ o, @
;/” oo
~ncelled
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What kind of NP survives?

@ Flavor blind/universal NP, for sure, but then cancellation of top

divergencies looks like a miracle. [P

@ Maybe NP flavor structure is controlled by SM one, minimal

flavor violation (MFV) => more exciting then guessed, see later ...

Friday, October 22, 2010



What kind of NP survives?

@ Flavor blind/universal NP, for sure, but then cancellation of top

divergencies looks like a miracle. [ o

@ Maybe NP flavor structure is controlled by SM one, minimal

flavor violation (MFV) => more exciting then guessed, see later ...

® Maybe NP is anarchic but aligned.
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uFCNC data, a crucial test of alignment

¢ Down type flavor violation can be shut off via alighment,

where anarchic NP is diagonal in the down mass basis.

careful domino alignment

Friday, October 22, 2010



uFCNC data, a crucial test of alignment

¢ Down type flavor violation can be shut off via alighment,

where anarchic NP is diagonal in the down mass basis.

careful domino alignment
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The importance of up-type FCNC

Operator |Bounds on A in TeV (¢;; = 1)|Bounds on ¢;; (A =1 TeV)| Observables
Re Im Re Im
(5py#dp)? | 9.8 x 102 1.6 x 10* 9.0 x 1077 3.4 x107° Amp; ex
(5pdr)(5rdgr)| 1.8 x 104 3.2 x 10° 6.9x 107 2.6 x 10711 Amp; e
(epy up)? 1.2 x 103 2.9 x 10° 56 x 1077 1.0x 107" |Amp; |q/p|, ¢p
(erur)(crug)| 6.2 x 103 1.5 x 104 5.7x 1078  1.1x107% |[Amp; |¢/p|, ¢p
(bry*dr)? | 5.1 x 102 9.3 x 102 33x107% 1.0x 1076 Amp,; SyKs
(brdr)(brdg)| 1.9 x 103 3.6 x 103 5.6 x 1077 1.7x 1077 Amp,; Syks
(bry*sp)? 1.1 x 102 7.6 x 1077 Amp.
(br sz)(brsr) 3.7 x 102 1.3 x 1075 Amp.
(try ur)?
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The importance of up-type FCNC

What if down alignment is at work ! r iii I‘

Operator |Bounds on A in TeV (¢;; = 1)|Bounds on ¢;; (A =1 TeV)| Observables
Re Im Re Im
(5py#dp)? | 9.8 x 102 1.6 x 10* 9.0 x 1077 3.4 x107° Amp; ex
(5pdr)(5rdgr)| 1.8 x 104 3.2 x 10° 6.9x 107 2.6 x 10711 Amp; e
(epy up)? 1.2 x 103 2.9 x 10° 56 x 1077 1.0x 107" |Amp; |q/p|, ¢p
(crur)(cLugr)| 6.2 x 103 1.5 x 10* 57x107%  1.1x107% |Amp; |q/p|,¢p
(bry*dr)? | 5.1 x 102 9.3 x 102 33x107% 1.0x 1076 Amp,; SyKs
(brdr)(brdg)| 1.9 x 103 3.6 x 103 5.6 x 1077 1.7x 1077 Amp,; Syks
(bry*sp)? 1.1 x 102 7.6 x 1077 Amp.
(br sz)(brsr) 3.7 x 102 1.3 x 1075 Amp.
(toyHur)?
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The importance of up-type FCNC

What if down alignment is at work ! m

Operator |Bounds on A in TeV (¢;; = 1)|Bounds on ¢;; (A =1 TeV)| Observables
Re Im Re Im
Ly i G % 10 9.0 x 10-7 e R

2.9 x 103
1.5 x 104

1.2 x 103
6.2 x 103

1.0x 1077
1.1 x 10~8

5.6 x 10~7
5.7 x 1078

AmD; |Q/p|,¢D

AmD; |Q/p|,¢D
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The importance of up-type FCNC

What if down alignment is at work ! m

Operator |Bounds on A in TeV (¢;; = 1)|Bounds on ¢;; (A =1 TeV)| Observables
Re Im Re Im
Ly i G % 10 9.0 x 10-7 e R

2.9 x 103
1.5 x 104

1.2 x 103
6.2 x 103

1.0x 1077
1.1 x 10~8

5.6 x 10~7
5.7 x 1078

Amp; |q/pl, ¢p
Amp; |q/pl, ¢p

u-FCNC data remove immunities!
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Up sector
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The power of CPV in D mixing &
how it kills alignment models

D® — D° Mixing
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2-gen’ effective theory for AF' = 2

Robust model independent bounds:

(i) robust (ii) LLRR - stronger, but model dependent.
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2-gen’ effective theory for AF' = 2

Robust model independent bounds:

(i) robust (ii) LLRR - stronger, but model dependent.

[Mor'e info' in ACZI, Golowich, et. al (09), Kagan & Sokolof (09)]
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2-gen’ effective theory for AF' = 2

Robust model independent bounds:

[Mor'e info' in Ac=1, Golowich, et. al (09), Kagan & Sokolof (09)]
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2-gen’ effective theory for AF' = 2

Robust model independent bounds:

[Mor'e info' in Ac=1, Golowich, et. al (09), Kagan & Sokolof (09)]
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Two gen’ flavor structure (no CPV)

When effects of SU(2)r breaking are small, the terms
that lead to z{* and z{’ have the form
| | — ; i S A
——(QLi(XQ)ij QL (QLi(Xq)ijv"QLj),
£ANP
One cannot eliminate the constraint from K & D systems

simultaneously!

Nir (07); Blum, Grossman, Nir & GP, PRL (09).
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Two gen’ flavor structure (no CPV)

When effects of SU(2)r breaking are small, the terms
that lead to z{* and z{’ have the form
——(QLi(XQ)ijuQrL; ) (QLi(XqQ)ijv"QLj),
LANP
One cannot eliminate the constraint from K & D systems

_ simultaneously!
U1

Nir (07); Blum, Grossman, Nir & GP, PRL (09).

>t 3 4
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Two gen’ flavor structure (no CPV)

When effects of SU(2)r breaking are small, the terms
that lead to z{* and z{’ have the form

——(QLi(XQ)ij QL )(QLi(XqQ)ij 7" QLj),
ANp
One cannot eliminate the constraint from K & D systems

simultaneously!

01

Nir (07); Blum, Grossman, Nir & GP, PRL (09).

>t 3 4

YY)
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Two gen’ flavor structure (no CPV)

When effects of SU(2)r breaking are small, the terms
that lead to z{* and z{’ have the form

——(QLi(XQ)ij QL )(QLi(XqQ)ij 7" QLj),
ANP
One cannot eliminate the constraint from K & D systems

simultaneously!

Nir (07); Blum, Grossman, Nir & GP, PRL (09).

>t 3 4
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Two gen’ flavor structure (no CPV)

When effects of SU(2)r breaking are small, the terms

that lead to z 1]‘ and zP have the form

o
——(QLi(XQ)ij QL )(QLi(XqQ)ij 7" QLj),
ANP

One cannot eliminate the constraint from K & D systems

simultaneously!

Nir (07); Blum, Grossman, Nir & GP, PRL (09).

>t 3 4
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Two gen’ flavor structure (no CPV)

When effects of SU(2)r breaking are small, the terms

that lead to z 1]‘ and zP have the form

o
——(QLi(XQ)ij QL )(QLi(XqQ)ij 7" QLj),
ANP

One cannot eliminate the constraint from K & D systems

simultaneously!

Nir (07); Blum, Grossman, Nir & GP, PRL (09).
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Implications of CPV
in DY — DY mixing

(i) Model independent;

(i) General minimal flavor violation (GMFV);
(iii) SUSY;

(iv) Randall-Sundrum (RS).

Ciuchini, et al. (07); Csaki, et al. (08); Kagan, et al. (09); Gedalia, et al. (09,10, 10); Blum, et al. (09); Buras et. al.;
Csaki, et al. (09); Bauer, et al. (09); Bigi, et al. (09); Altmannshofer, et al. (09,10); Blanke, et al. (09); Crivellin &
Davidkov (10).
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http://arxiv.org/find/hep-ph/1/au:+Ciuchini_M/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Ciuchini_M/0/1/0/all/0/1

Robust (immune) bounds

T L= |Xq| = (X5 —Xp) /2
29()2\04 \‘ R

vy] Ami g

Constraining the eigenvalue difference of
flavor violation source, indep’ of it’s direction!
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Robust (immune) bounds

_ _(v2 _ ¥yl
L =|Xo| = (Xg—X0) /2 _

Constraining the eigenvalue difference of
flavor violation source, indep’ of it’s direction!
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Robust (immune) bounds

_ _(v2 _ ¥yl
L =|Xo| = (Xg—X0) /2 _

Constraining the eigenvalue difference of
flavor violation source, indep’ of it’s direction!

x10°

4

35

w

N
w»

N

[ < 34 x 104 Anp
= ooy - oy T

—
o\

-
' 2

weakest bound on L

o
wm
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Robust (immune) bounds

Amp _ _ 2 1
%XQ L= |XQ| - (XQ XQ) /2(_
20 2@ '& N

Constraining the eigenvalue difference of
flavor violation source, indep’ of it’s direction!

3.4 x 104 ( Anp )
Ty — (x9)Yt \ITeV
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CPV in D: Model Dependent
Implications

2NLUES ... : o -

J L & deml Extra Dimension o=
-l =

1’;3_'3 i ) '..,. \ P A 4 | ] ,")';] ‘ .
7 el ' Y e
o : PTAANS N 7
= ‘“.y Vg
e JRLZ OO0 08 ' =
A a i -«
A-edlat © v lagage v

. - »

e

UMD I US|

252 S wa
)‘_,I'(‘J 1”\\"\. 2 -
P 79 3 % ‘: —
j - = =~
THIYS® W BN

(i) MFV (exciting #1); (ii) SUSY; (iii) Randall-Sundrum (RS).
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General MFV (GMFV) vs. Linear MFV (LMFV)

Kagan, GP, Volanksy & Zupan, PRD (09); Gedalia, Grossman, Nir & GP, PRD (09).

@ Comparable NP contributions from strange & bottom (unlike SM)

2 CKMy/,CKM
J— ys Vus ‘/CS
st _— —2
Yo

~ 0.5,

CKM7Y1/,CKM
Vub chb

C (v

ramryv result of
resummation )y’
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General MFV (GMFV) vs. Linear MFV (LMFV)

Kagan, GP, Volanksy & Zupan, PRD (09); Gedalia, Grossman, Nir & GP, PRD (09).

@ Comparable NP contributions from strange & bottom (unlike SM)

2

Yo

CKMy,CKM
Vus ‘/cs

CKM7Y1/,CKM
Vub chb

~ 0.5,

O oc [u2 (V) VN (1t ey i (VSR V)’

NP,
X172 /x|

10 ramryv result of
L resummation )y’

T

o o
(o)} o]
T L PURLIT L PR ] L R

O
G

O
bo

GMFV
| L 1 L 1 | L 1 L 1 L 1 L 1 L 1 1 1 | Sin JO-D
-10 -05 05 10
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General MFV (GMFV) vs. Linear MFV (LMFV)

Kagan, GP, Volanksy & Zupan, PRD (09); Gedalia, Grossman, Nir & GP, PRD (09).

@ Comparable NP contributions from strange & bottom (unlike SM)

oz

CKM7y/,CKM
Vus ‘/CS
st _— —2

Yo

~0.5,

VR
5" o [32 (VERY) VS (1o (VERY) VT

raMmry result of

Determining what “phase” describes nature yield
microscopic info’. Well beyond the LHC reach!

Improvement via BESIII threshold measurements;
Within the reach of LHCb & maybe Tevatron;
Looking forward for Exp’ talks...
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SUSY+RS

Ro

m@Q o mél S
mg, T Mg,

SUSY (doom of alignment)

DUSTt

(0.034 maximal phases

\ 0.27  vanishing phases

squark doublets, 1TeV;

RS

Robust

MKK > 21f53 TeV ,

fo, is typically in the range of 0.4-v/2.

Gedalia, et. al (09).

Generic
maz

M, + M,

< 0.02 — 0.04.

average of the doublet & singlet mass splitting.

(constraining alignment)

Csaki, Falkowski & Weiler, PRD (09); Gedalia, et. al (09).

Generic
4.9(2.4
MKK > ( ) TeV IR (bulk) Higgs
YsD
l Sysp S 2m for brane Higgs ; 1 Sysp S ar for bulk Higgs,
2 KK 2 Nkxk
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charming top Phys. @ the LHC

- -

LHC at CERN.==  #¥%8

“-' e

ety >
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AF =2, [(£,b) Xo(u,d)L]

Gedalia, Mannelli & GP, PLB; JHEP (10).

¢ Signal is in same sign tops: UU — 1T

Operator |Bounds on A in TeV (¢;; = 1)|Bounds on ¢;; (A =1 TeV)| Observables
Re Im Re Im

(5.4"dp)? | 9.8 x 10? 1.6 x 10* 9.0x 1077  3.4x107° Ampg: €k
(5pdp)(5LdRr)| 1.8 x 10* 3.2 x 10° 6.9x 107 26 x10~1 Amp: €

(epyFup)? |1.2x 103 2.9 x 103 5.6 x 1007 1.0x 1077 |Amp; |q/p|,¢D
(¢rur)(érur)| 6.2 x 10° 1.5 x 10% 57x 107%  1.1x107% |Amp: |q¢/p|,éD

(bpy*dg)? | 5.1 x 102 0.3 x 102 3.3x107%  1.0x10°° Amp,;: Syks
(bpdy)(brdr)| 1.9 x 103 3.6 x 103 56 x 1077 1.7 x 1077 Amp,: Syk

(bpy*sp)? 1.1 x 102 7.6 x 107° Amp,
(brs)(brsr) 3.7 x 102 1.3 x 1079 Amp,
Ly ur)?) ! ! !
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AF =2, [(£,b) . Xq(u,d)L]’

¢ Projected LHC bound, same sign tops.

Operator |Bounds on A in TeV (¢;; = 1)|Bounds on ¢;; (A =1 TeV)| Observables
Re Im Re Im

(5.y#dr)? | 9.8 x 102 1.6 x 10* 9.0 x 1077 3.4 x107° Amp; ex
(5pdr)(5rdg)| 1.8 x 10% 3.2 x 10° 6.9x 107 2.6 x 107 Amp; ex

(epy*ur)? | 1.2 x 103 2.9 x 103 56 x 1077 1.0x 1077 |Amp; |q/p|, ¢D
(erur)(erur)| 6.2 x 10° 1.5 x 10% 57x107% 1.1 x107% |Amp; |q/pl,¢p

(bpy*dr)? | 5.1 x 102 9.3 x 102 33x107% 1.0x10°° Amp,; Syks
(brdr)(brdgr)| 1.9 x 103 3.6 x 10° 56 x 1077 1.7 x 1077 Amp,; Syks

(bry*sr)? 1.1 x 102 7.6 x 107° Amp.
(brsr)(brsgr) 3.7 x 102 1.3 x 107? Amp.

(tryHur)? 12 7.1 x 1073 uu — tt
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What gives strongest bound on [(Z,0). X (u, d)r]”?

Define: [ = |X$F:2‘

uu — tt (LHC projected): L <12 (1/%‘:/) . Axp > 0.08 (1) TeV |

Friday, October 22, 2010



What gives strongest bound on [(Z,0). X (u, d)r]”?

Define: [ = |X§F:2‘

uu — tt (LHC projected): L <12 (1AT\«§/) . Axp > 0.08 (1) TeV |

_ A
DY — Do (present): L <18 (1%\;) . Axp > 0.57(7.2) TeV,
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What gives strongest bound on [(Z,0). X (u, d)r]”?

Define: [ = |X$F:2‘

uu — tt (LHC projected): L <12 (1AT\«I;/> . Axp > 0.08 (1) TeV |

DY — DY (present): < 1.8( A ) . Anp > 0.57(7.2) TeV,

1 TeV

Despite O(AY) suppression, CPV in D mixing
is more powerful in constraining 3rd gen’ FCNC!
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On the potential power of DV — ¢t/—

r o+
"
Practically no SM D’ - D ¢
short distance: . ; )
Burdman, Golowich, Hewett & Pakvasa PRD (02). neg“glble ,
BTSJLM_ ~ 2.7 X 10_515’7“1)0_m ~ 1013
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On the potential power of DV — ¢t/—

r o+
"
Practically no SM D’ - D ¢
short distance: . ; )
Burdman, Golowich, Hewett & Pakvasa PRD (02). neg“glble ,
BTSJLM_ ~ 2.7 X 10_55’7“190_m ~ 1013

HV = U LYY H Cr, V,u -+ g’")/ H é V,u + ... Golowich, Hewett, Pakvasa & Petrov, PRD (09)
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On the potential power of DV — ¢t/—

r o+
"
Practically no SM D’ - D ¢
short distance: . ; )
Burdman, Golowich, Hewett & Pakvasa PRD (02). neg“glble ,
BTSJLM_ ~ 2.7 X 10_55’7“1)0_m ~ 1013

HV =7 LYY H Cr, V'u -+ g’")/ H é V,u + ... Golowich, Hewett, Pakvasa & Petrov, PRD (09)
MV (TGV) h
400 I

300

200

MFV~ yZ tan 32V5 Ve,

100
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Conclusions

@ uFCNC is playing important role in learning about the

microscopic world.

@ Charm phys. remove “immunities” => constrains alignments.

® CPVinD — D mixing extremely powerful:

(i) disfavors SUSY alignment; (ii) constraining RS alignment;
(iii) approaching 1TeV MFV models (factor of a few away).

@ Constraining 3rd generation physics.

¢ D' — 1 11 particularly interesting, promising future.
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Robust bounds for At =1

) _ <—
O, =i [Qr"(X571)4Q;] [H* DNHJ

/\ Gedalia, Mannelli & GP, PLB; JHEP (10).

Br(B — X ,(7(7) Br(t — (c,u)Z)

¢ 3-gen’ case the structure is much richer (8 Gell-Mann

matrices), a “covariant” treatment is necessary.

Simplification: @ LHC light quark jets look the same.

v

Approximate U(2) Limit of Massless Light Quarks
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LHC projected bound

Anp
1TeV

(i) a=0, L<2.5(
V36

- 1+Ttb

2
) . Anp > 0.63(7.9) TeV,

2
(i) a , L <28 ( ) . Anp > 0.6(7.6) TeV,

X

Xd L= |X3F=1| Tth = |02L|t/ |C£L|b

tan a =

10~

Best

alignment
— Down bound | |

/
p4 S

-~ Up bound

000 001 002 003 004 005 006 007

T L8 T
Down Up

alignment alignment
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Flavor @ the LHC, spectrum/couplings very important

ATTL,;_j\AQ;.jj

The importance of
flavor diag’ info

Low energy

D

Amij\Agi;

Amlz\Agm

Low energy

+LHC flavor diag.

’ ATT?.-,;_J; \AQ‘U

Low energy

+LHC flavor diag.
+LHC flavor violation

9’0"

Grossman et al. (09); Gedalia & Perez (10)
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Parametric solutions to the RS little CP
problem & some LHC implications.
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U-anarchy - constrained by D phys.

¢ Generic warped models (up-type anarchy): ,..... cc. a1 (00,06,

Observable MEm[TeV] yept or fEax

IR Higgs B =0 | IR Higgs 6=0
CPV-ByHtl | 12f3.  12f3, | f62 =05 f52=0.5
CPV-BIERR 4.2 [yspy 2.4/ysp | yoid = 1.4 yoin = (.82
[CPV—DLLLL 0.73f2. 0.73f2 | nobound mo boundj

CPV-DLLER| 49 /ycry 2.4 /ysp| yBin = 1.6 y@in = .8

5D —
LLLL 2 2
€ 7.9 7.9 A% =0.62 f52* =0.62
K fQ3 fQ3 fQ3 fQ3 ‘ Gedalia, et. al (09);
E%LRR 49/ysp  24/ysp | above (6.7)  yip" =8 Isidori, et. al (10).
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U-anarchy - constrained by D phys.

¢ Generic warped models (up-type anarchy): ,..... cc. a1 (00,06,

Observable MEm[TeV] yept or fEax

IR Higgs B =0 | IR Higgs 6=0
CPV-ByHtl | 12f3.  12f3, | f62 =05 f52=0.5
CPV-BIERR 4.2 [yspy 2.4/ysp | yoid = 1.4 yoin = (.82
[CPV—DLLLL 0.73f2. 0.73f2 | nobound mo boundj

CPV-DLLER| 49 /ycry 2.4 /ysp| yBin = 1.6 y@in = .8

5D —
LLLL 2 2
€ 7.9 7.9 et =0.62 f5** =0.62
K fQ3 fQ3 fQ3 fQ3 ‘ Gedalia, et. al (09);
E%LRR 49/ysp  24/ysp | above (6.7)  yip" =8 Isidori, et. al (10).

¢ RS alignment (via shining): ¥op = 3UED ot o o

1 2 1 4
— < < —— for brane Higgs; — < < for bulk Higgs,

== Factor of few improvement exclude models.
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