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Outline

@ Brief Intro’, the importance of uFCNC measurements.

® D — D mixing, data & the SM.
® Generic & model independent bounds, covariant formalism.

® Some model dependent info’.

€ Third generation, covariant, flavor violation & the LHC.

€ Conclusions / outlook.
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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 observed 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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Up flavor violation is interesting

@ Ironically, top sector, which also dominates CPV & custodial

breaking, is poorly probed (also charm till recently).
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@ Ironically, top sector, which also dominates CPV & custodial

breaking, is poorly probed (also charm till recently).

@ Down type flavor violation can be shut off via alignment,

where anarchic NP is diagonal in the down mass basis.
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careful domino alignment
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Precision Measurements in D mixing

¢ Huge recent progress in measurement of mass splitting
& CP violation (CPV) in the D system:
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Precision Measurements in D mixing

¢ Huge recent progress in measurement of mass splitting
& CP violation (CPV) in the D system:

7D —- K Kt)—7(D°— K*K™)

f - \ 7 LE Ar = ——=5 - 0 -\’
Amp/mp = (8.6+2.1) A= KR (0= KK)

Ap = (1 yzalei6) 5) % 1073 Ar = S(la/pl = Ip/dl)y cos & — S(la/p| + Ip/gl)wsing
N / A= 250 A = —la/ple,

pAf
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Precision Measurements in D mixing

¢ Huge recent progress in measurement of mass splitting

& CP violation (CPV) in the D system:

{BABAR | “ 2
- — L! AF:T(?OHK_K*_)—T(DOHK_'—K_);
Amp/mp = (8.6+£2.1) x 10~ WE=3 PP KA D K
g , 3 | Ar = S(a/pl = |p/al)y cos ¢ — S(la/p| + [p/al)z sin¢
Ar = (1.24+2.5) x 1073 2 2
. | y, A= Zj_;‘ Acri- = —la/ple?,
¢ System parameters roughly determined (HFAG):
g r = (1.00+0.25) x 1072,
y = (0.77 £ 0.18) x 1072, Cmem Tt
-2 -2
1 —|q/p| = +0.06 £ 0.14, e
L ¢ = —0.05+ 0.09, )
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Absence of D CPV - Another SMVictory

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

Bottom contribution is down by:

2 *
VvV _
O (%5 x gy ) = 107
b us CS
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Absence of D CPV - Another SMVictory

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

Bottom contribution is down by:
2 *

O (25 X V“”Vcb) =104
b

Vus Vi

If x is due to NP then it missed
a chance to revealed itself in O(1) CPV. @
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What do we know about the
NP flavor sector, model
independently?




AF p— 2 Status Isidori, Nir, GP (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 p— 2 Status Isidori, Nir, GP (10)

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

Re Im Re Im
(5ry*dr)? | 9.8 x 102 1.6 x 104 9.0 x 1077 3.4 x 107" Amp; ex
(5pdr)(5rdR)| 1.8 x 10% 3.2 x 10° 6.9 x 107 2.6 x 10711 Amp; ek
(epy"ur)? | 1.2 x 10 2.9 x 10 56 x 1077  1.0x 1077 |Amp; |q¢/p|,ép

6.2 x 103 1.5 x 104

CRUrL)(CLUR

57x107% 1.1 x107% |Amp; |q/pl,¢D

(bpy*dp)? | 5.1 x 102 9.3 x 102 33x107%  1.0x10°¢ 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,
(tLy ur)?

D-system falls only behind the K-one
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AF — 2 Status Isidori, Nir, GP (10)

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

Re Im Re Im
(§L7“dL)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 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 Amp,
(brsr)(brsg) 3.7 x 102 1.3 x107° Amp,
((FLr"ur)? ? ] !
t-FCNC
D-system fallBEEEEFEind the K-one

tuned!
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The power of CPV in the D system

. . « [Golowich, Pakvasa & Petrov (07);
ASSUm|ng no dlreCt CP Kagan and M. D. Sokolof (09)]

y12 = [T'12|/T, d12 = arg(Mi2/T'12).
Ty < I ~ 0.012, T sin gy < P sin ¢S5 ~ 0.0022,

Gedalia, et. al (09).

long distance
dominated?
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The power of CPV in the D system

. . « [Golowich, Pakvasa & Petrov (07);
ASSUm|ng no dlreCt CP Kagan and M. D. Sokolof (09)]

Y12 = |T'i2| /T, T2 = 2| Mys| /T, ¢12 = arg(My2/T'12).

) <IEP ~0.012, z5 singly <3P sin ¢5P ~ 0.0022,

Y

Gedalia, et. al (09).

I,tlfgp/xl
long distance / YT \
dominated!? /o P \
A A
C 06F C><?\
X° : A see later
04 3
- 02k
1 e e St M e e [ N ) GMFV L%/ sin 20.D (OII\'ZP _ 200)

-10 -05 : 05
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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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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:

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

[Mor'e info' in Ac=1, Golowich, et. al (09), Kagan & Sokolof (09)]
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Combining K% — K0 & D% — DO mixings

¢ Powerful model indep’ bound.

|:,K| Zopds
no ~1 | — ~exp
<l

CPV D| < ,D
|"’1 | — ~exp

-4 sl

Wlth I’n("‘l ) = “exp

T R = el
CPV

Im(2P) < :;ég)

- )
=88 x 10~

(5.9:x 107

4 ~)
—|3.3 x 10~°

—(1.0 x 10~7
\__ J
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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

SimUItaneOUSIY! Nir (07); Blum et. al. (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)ijuQL; )(QLi(XQ)i;jv*QLj),
LANP
One cannot eliminate the constraint from K & D systems

SimUItaneOUSIY! Nir (07); Blum et. al. (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
| | — ; i S A
——(QLi(XQ)ij QL (QLi(Xq)ijv"QLj),
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One cannot eliminate the constraint from K & D systems
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Two gen’ flavor structure (no CPV)

When effects of SU(2), breaking are small, the terms
that lead to zf* and z{ have the form
| — .
——(QLi(XQ)ij QL )(QLi(XqQ)ij 7" QLj),
N
One cannot eliminate the constraint from K & D systems

SimUItaneOUSIY! Nir (07); Blum et. al. (09).

/\1 I /\2
/\1 + /\\2 .

: 1 -
)‘Q = diag(A1, A2), A2 = ;(_/\1 + A2), 012 =
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Constraining the flavor structure with CPV

CPV,”) (siny = %), yield strong constraint on
A12 = 012A12.

4 2-gen’,including CPV

02

Z{< — A%Q(?Ajl — Z'?AJQ)Z,

2P = A%, (cos 20,01 — sin 20,05 — i02)°.
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Constraining the flavor structure with CPV

CPV,”) (siny = #,), strongly constrains Ay = §15\;o.

4)(10

35 -
o™~
<V‘
c
Q
©
—
-
[no CPV 2
v
D
-
o
Q
-

1 1 1 1
0 0.2 04 06 08 1
siny

The weakest Ai2-bound as function of sin~.
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Constraining the flavor structure with CPV

CPV,”) (siny = #,), strongly constrains Ay = §15\;o.

x 10

siny

The weakest Aj2-bound as function of sin~.
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Covariant, basis independent,
description of flavor violation

2 x [Gedalia, Mannelli, GP (10)]
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Can be understood in a covariant, basis
independent manner (needed for 3gen’)

Two generation case:

® Any Hermitian 2x2 matrix => expressed as sum of Pauli matrices.

@ A matrix corresponds to a vector in SU(2) space.

€ Can define set of operations, like scalar product and cross product:

Al = %tr(fp) ., A.-B=

cos(0ap) = ——= =

® The SM basic vectors: A, = (Y.Y.)y,  Ai=(YaY))y.
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Covariant basis, 2 gen’

@ Define a covariant, physical, basis using the SM basis vectors:

1 Au d - Ad X Au - 2 -
Avi=—"—, J v Jud = Aua X J.
T Ml T T A A T

@ Up,down flavor violation is misalignment between SM mass basis

unit vector & new sources of flavor breaking:

1 — |
i (Qi(XQ)i Q) (Qi(X0)ii"Q;) )

’ (say in ;-0
2 1
: 4 A AR
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Covariant basis, 2 gen’

@ Define a covariant, physical, basis using the SM basis vectors:

- A, Ay x A, . . )
Au,d = L d Ju,d = Au,d X J.

. J .
|Au,d| / |~Ad X Au| |

@ Up,down flavor violation is misalignment between SM mass basis

unit vector & new sources of flavor breaking:

1 o
Vi (Q:i(XQ)ij1Q5) (Q.(-\Q)u‘:"‘?i))

’ (say in ;-0
=) :
: 4 Alp AR

.
;

. / (02)
contribution of X to K — K9 mixing, Am,
given by the solid blue line.
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Covariant basis, CPV

¢ CPVinAF = 2: 1 (52) =2(Xq-J) (Xo+ dua)

J (02)

Im(2{) is twice the product of the two solid orange lines.

Note that the angle between A, and A, is twice the Cabibbo angl

Im(z]")
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Covariant basis, CPV

® CPVinAF =2: Im (z{{’D) =2 (XQ . j) (Xo f Jud)

J (02)

Im(2{) is twice the product of the two solid orange lines.

Note that the angle between A, and A, is twice the Cabibbo angl

Im(z]")

@ Deriving a robust bound:
In the covariant bases — Xg =X “’d./iu,d + X7 J 4 XTua Au,d,

and the two bases are related through

X% =cos20cX? —sin20c X7, X7 = —sin20cX? — cos 20cX 74

X7d
XJ

Previous result reproduced- X7 = Aj3siny tana =
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Covariant basis - physical interpretation

@ The axis J is the 2-gen’ “Jarlskog”: X7 o tr (X [Ag, Au]) # 0,
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Covariant basis - physical interpretation

@ The axis J is the 2-gen’ “Jarlskog”: X7 o tr (X [Ag, Au]) # 0,

Note that - A, 4 J =0 < no CPV within SM.
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Covariant basis - physical interpretation

@ The axis J is the 2-gen’ “Jarlskog”: X7 o tr (X [Ag, Au]) # 0,

Note that - A, 4 J =0 < no CPV within SM.

® The axes J,, dials CPVin AF = 2 (new model indep’ condition):

X o tr (X [Auds [Aar Au]]) 7 0
Gedalia, Mannelli, GP (10)
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CPV in D° — DY mixing,
model dependent implications:

(i) Minimal flavor violation (MFV);
(i) SUSY;
(iii) 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

Minimal flavor violation (MFV)
General MFV (GMFV) vs. Linear MFV (LMFV):

Volanksy, et. al (09); Gedalia, et. al (09).

Large tan 8 = CPV.

LMFYV: If dominated by ~ YdeT asym’ is known.

GMFV: Otherwise ) | y;' need to be resummed = loss of predictive power.
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Minimal flavor violation (MFV)
General MFV (GMFV) vs. Linear MFV (LMFV):

Volanksy, et. al (09); Gedalia, et. al (09).

Large tan 8 = CPV.

LMFV\: If dominated by ~ YdeT asym’ is known.

GMF\: Otherwise ) y;' need to be resummed = loss of predictive power.

-
| A L i 1 A i L l I L I A 1

s smn2op

-10 -05 05 10
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Minimal flavor violation (MFV)
General MFV (GMFV) vs. Linear MFV (LMFV):

Volanksy, et. al (09); Gedalia, et. al (09).

Large tan 3 = CPV.

LMFV: If dominated by ~ YdeT asym’ is knf{wn.

GMF\: Otherwise ) y;' need to be resumnfiid = loss of predictive power.

Xy /x
10

>

Determining what “phase”
X° describes nature yield

microscopic info’.
Well beyond the LHC reach!

-10 -05

= sin 2op
10
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SUSY

¢ Alignment models [O(l) phase]: i, s severg 3,

< 0.05—0.14,

mg, o m(.‘)l First bound => up squark doublets, 1TeV;
M=~ — M.~ Second => average of the doublet & singlet mass splitting.
— < 0.02 - 0.04
Mg T My, Gedalia, et. al (09).

¢ A “sweet spot” could exist where bounds are weaker:

_ 2 2
r~ 24 T =mz:/m:
Crivellin & Davidkov (10).

¢ Possible correlation with EDM'’s:

d, = 10=(28-29¢ ¢

Altmannshofer, et. al (09).
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Wal"Ped Models (P\S) (see A.Weiler’s talk)

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

Observable M2 [TeV] Yo or o
IR Higgs B =0 | IR Higgs =0

CPV-By"HH| 12f3  12f3. | f52 =05 f5>=0.5
CPV-BLEERL 4.2 /ysp 2.4/ysp| yii® = 1.4yt = (.82

CPV-D*:L10.73f8 0.73f3,| no bound  no bound
(CPV—DLLRR 4.9/ysp 2.4/ysp| yBin = 1.6 ymin = 0.9
e LL 7.9]%3 7.9]%3 fox =0.62 fg* =0.62

el LRI 49/ysp  24/ysp | above (6.7) yfur =8

Gedalia, et.
Isidori, et.

al (09);
al (10).
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Wal"Ped Models (P\S) (see A.Weiler’s talk)

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

Observable M2 [TeV] yip" or f O

IR Higgs B =0 | IR Higgs =0

CPV-By"HH| 12f3  12f3. | f52 =05 f5>=0.5
CPV-BLEERL 4.2 /ysp 2.4/ysp| yii® = 1.4yt = (.82
(CPV—DLLLL 0.73f, 0.73f5,| no bound  no boundj

CPV-DILRR| 4.9 /ycr 2.4 /ysp| ymin = 1.6 ymin = 0.8

5D —
e 79f3, TIf3, |fE*=0.62 fE =0.62
6%{LRR 49/y5D 24/'y5D above (67) yénﬁn — 8 Gedalia, et. al (09);

Isidori, et. al (10).

¢ RS allgnment (via shining): y5D Z 33/5[) Csaki, et. al (09).

2T , 1 47

< < —— for brane Higgs: — <
~ YsD S or ggs; YsD S ~
Nkk VIV

for bulk Higgs,

DO | —

== Factor of few improvement exclude models.
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LHC at CERN.==  #%58

ety >
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Top FCNC (tFCNC), At = 1

LHC: study int’ ~ 1057 tt/yr
Top FCNC:t - ¢, Z.,7, G . (4g=u+0)

(also t — ¢h & single top production)

SM: BR(t — qZ,~v,G) ~ 10714

(Diaz-Cruz (89); Eilam, Hewett & Soni (90))

LHC (100om-1): BR(t — ¢Z,~) > 107°.

(Carvalho, et. al (05))
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tFCNC vs. bFCNC, generic bounds

Fox, et. al (07).

Effective theory,
dim’ 6 operators:

oY, =i [@?ﬁ] [(gpﬁf@g} i [@B(pﬁ)} [ﬁﬁcgg] +he.
o, =i [@gw%] [HT D, H] +he.

0%, = g :@20/“’0“13] trRWS, +h.c.,

0% =g :@20“@[] trBu, +h.c.,

OVr = g2 @?pwaaﬁ] crWj, +h.c.,

O%R = 01 @30-/«’”_[;[] CRB'L“/ + h.C.,

o —>
Orp = zth“cR[HT D“Hw + h.c..
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tFCNC vs. bFCNC, generic bounds

Fox, et. al (07).
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tFCNC vs. bFCNC, generic bounds

Fox, et. al (07).

LL CLL RL Che ‘LR Cir Ckr
direct bound 9.0 9.0 6.3 6.3 6.3 6.3 9.0
LHC sensitivity 0.20 0.20 0.15 0.15 0.15 0.15 0.20

[-0.017, —0.01]

—0.005, 0.003] | (009 0-18] | [-0.12,0.24 | [-14,7] | [-10,19] | —

B — Xy, X,¢ | [-0.07, 0.036]

AF =2 0.07 0.014 0.14 m—i b o e
semileptonic — — — — (0.3, 1.7] — —
best bound 0.07 0.014 0.15 0.24 B g 6.3 9.0
A for C; = 1 (min) 3.9TeV 8.3TeV 2.6 TeV 2.0 TeV 0.8 TeV 0.4TeV | 0.3TeV
B(t — eZ) (max) 7.1%107° 3.5 x10~" 3.4x107° | 84x10°° |45x1073%|56x10"%| 0.14
B(t — ¢y) (max) — — 185¢107° | i8I0~ |:283107 ['325%107° —
LHC Window Closed” Closed” Ajar Ajar Open Open Open
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tFCNC vs. bFCNC, generic bounds

Fox, et. al (07).
CLL CLi Chi Chi CLr CLr Chr
direct bound 9.0 9.0 6.3 6.3 6.3 6.3 9.0
LHC sensitivity 0.20 0.20 0.15 0.15 0.15 0.15 0.20
B — Xy, X,0t¢ | [-0.07, 0.036] | 70010 —0OI T 669 0.18) | [~0.12,0.24] | [-14,7] | [-10,19)
[—0.005, 0.003]
AF =2 0.07 0.014 0.14
semileptonic (0.3, 1.7]
best bound 0.07 0.014 0.15 0.24 6.3 9.0
A for C; = 1 (min) 3.9TeV R.3TeV 2.6 TeV 2.0TeV 0.8 TeV 0.4TeV | 0.3TeV
B(t — ¢Z) (max) .1 %107 3.5 x10~° 3.4 x10~° 84x107° |45x107°|56x10"°| 0.14
B(t — ¢y) (max) 1.8 x10~? 48 x10-° |2.3x10-23 | 32 x10-2
LHC Window Closed” Closed® Ajar Ajar Open Open Open

Looks as if B-phys. strongly constraint LH operators!
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tFCNC vs. bFCNC, generic bounds

Fox, et. al (07).
CLL CLi Chi Chi CLr CLr Chr
direct bound 9.0 9.0 6.3 6.3 6.3 6.3 9.0
LHC sensitivity 0.20 0.20 0.15 0.15 0.15 0.15 0.20
B — Xy, X,0t¢ | [-0.07, 0.036] | 70010 —0OI T 669 0.18) | [~0.12,0.24] | [-14,7] | [-10,19)
[—0.005, 0.003]
AF =2 0.07 0.014 0.14
semileptonic (0.3, 1.7]
best bound 0.07 0.014 0.15 0.24 6.3 9.0
A for C; = 1 (min) 3.9TeV R.3TeV 2.6 TeV 2.0TeV 0.8 TeV 0.4TeV | 0.3TeV
B(t — ¢Z) (max) .1 %107 3.5 x10~° 3.4 x10~° 84x107° |45x107°|56x10"°| 0.14
B(t — ¢y) (max) 1.8 x10~3 4.8 x10™° [2.3x107%|3.2x1072
LHC Window Closed” Closed® Ajar Ajar Open Open Open

Not valid if down alignment is at work

2x Gedalia, et al. (10).
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Robust bounds for At =1

) _ <—
O, =i [Qr"(X571)4Q;] [H* DNHJ

N

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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The approximate U(2)

Oth order question for a 3x3 adjoint:
Is a residual U(2) conserved!?
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The approximate U(2)

Oth order question for a 3x3 adjoint:
Is a residual U(2) conserved!?

Az

V3 1
~ZAs 4 =A

-'Liu o
T
- 71\3 + - AR
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Covariant description of approx’ U(2)

¢ Without loss of generality:

, /=1 0 0 o 0 0
Ai="2 (0 1 0], A=y{0 & &,
0O 0 2 0 & &

¢ CKM has a single phase: = \/9’;’3 + 635,
Ul)oxU(1)p
¢ SM massless quarks are I Vo
broken to active & sterile states: U(2)q x U(1)qs
] Aud (Vekm — 13)
U(3)o
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Covariant basis

: S A, d . Az x A, A . A
Startasin 2 gen’: A,,= 222 J= C Jua=A,ax J.
¢ g Aud A A x A d=Aud X
¢ Add a Cartan: Avg and Coy=2J x Jug—V3Aua,
or

U, g=J x Jya and Jo=V3Jx J,q—2A,4.

jQ corresponds to the conserved U(1)g generator, [JQ7 Au,d} =0
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Covariant basis

: ., - A4 - Ay x A, - » -
Startas in 2 gen’: A,,= 2%, J= o Jua=Auax J.
¢ g Aud A A x A d=Aud X
¢ Add a Cartan: A,g and Cou=2J x Jyg—V3Aua,
or

U, g=J x Jya and Jo=V3Jx J,q—2A,4.

Jo corresponds to the conserved U(1)g generator, [JQa Au,d} =0

¢ Any adjoint can decompose according to:

XAF 1 XludAld+XJJ+XJud ud+XJQJQ+XDD
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Covariant basis

. ’ 2 Aud - Ad X Au - 1 T
rcasin2gen: A= 2%, J= o Jua=AwaxJ.
¢ Start a gen’t Aus = 7 Tax A et = Aud X
¢ Add a Cartan: Ayg and Coy=2J x Jyog—V3Aua,
or

U, g=J x Jya and Jo=V3Jx J,q—2A,4.

Jo corresponds to the conserved U(1)g generator, [JQa Au,d} =0

¢ Any adjoint can decompose according to:

XEF=! =(X™ A, + X7 T+ X4 g + X9t XPD.

/

“big” directions
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Covariant basis

: »ooo; Ay d - Agx A, - A .
tartasin 2 gen’; A,.= —2% . J= o Jua=Awax J.
¢S g Aud A A x A d=Aud X
¢ Add a Cartan: Ayg and Coy=2J x Jyog—V3Aua,
or

U, g=J x Jya and Jo=V3Jx J,q—2A,4.

jQ corresponds to the conserved U(1)g generator, [JQa Au,d} =0

¢ Any adjoint can decompose according to:

X5F=' =X A,y + X T + X4, 4+ X7 It XPD

— /

“big” directions “small” ones, beyond U(2)
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Robust projected bound (assuming no signal)
& t/b flavor violation

?

¢ Overall 3rd gen’ flavor violation: % ’XQ X Aud

which extracts \/|(XQ)13|2 + |(Xg)2s|* in each basis.

A 2
° - h NP
® The bounds:  Br(B— X.(7¢7) — |C}p|, < 0.018 (1TeV> ,

Axp \
. h 0. : .
Br(t — (c,u)Z) — |Cp|, < 0.18 (lTeV) |

2

~

4 _
= XC%F_I X Au.d

3 — (XJ)2 - (X“""’d)2 : X7 = c0s20 X 74 4+ sin 20 X"
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The bound

2
) . Anp > 0.63(7.9) TeV,

2
) . Ayp > 0.6(7.6) TeV,

L= |X3F=1| Tth = |C£L|t/ |C£L|b

Best

alignment

L . A
al , — Down bound | |
"’7< “

-~ Up bound

O A A A A Al A Ak A
000 001 002 003 004 005 006 007
T L8 T
Down Up
alignment alignment
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AF =2, [(£,b) Xo(u,d)L]

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

(5py*dg)? | 9.8 x 10? 1.6 x 10* 9.0x 1077  3.4x107° Amp: €x
(5pdr)(5.dR)| 1.8 x 104 3.2 x 10° 6.9x 1072 2.6 x 10~ Ampg: ex

(epyPur)? 1.2 x 103 2.9 x 103 5.6 x 1077 1.0x 107  |Amp; |q/pl.¢D
(érur)(crur)| 6.2 x 10° 1.5 x 10* 57x 107%  1.1x107% |Amp: |q¢/p|,éD

(bry*dp)? | 5.1 x 102 9.3 x 10? 33x107%  1.0x107° Amp,; Syks
(bpdy)(brdr)| 1.9 x 103 3.6 x 103 56 x 1077 1.7x 1077 Amp,; Syk -

(bpy*sy)? 1.1 x 102 7.6 x 107° Amp,
(brsz)(brsg) 3.7 x 102 1.3 x 1079 Amp,
((tLy*ur)?) ? ?
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AF =2, [(£,b) . Xq(u,d)L]’

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; ek
(5pdr)(5rdg)| 1.8 x 10% 3.2 x 10° 6.9x 107 2.6 x 107! Amp; ex

(ey*ur)? | 1.2 x 103 2.9 x 103 56 x 1077 1.0x 1077 |Amp; |q/p|, ¢p
(erur)(crugr)| 6.2 x 103 1.5 x 10* 57x 1078 1.1 x107% |Amp; |q/p|,¢p

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

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

(tryHur)? 12 7.1 103 uu — tt
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However, CPV in D system is stronger

Despite O(\Y) suppression:

A 2
Im(zP) < 1.1 x 1077 (I,E;/) ,

Anp
L <12 - - An 0.08 (1) TeV .
< (1TeV)' NP = () eV

for uu — tt and

Anp '\
L<18 (lTeV) . Axp > 0.57(7.2) TeV

for D mixing.

Also applied to SUSY & RS => weak but robust bounds.
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Outlook, Flavor at the LHC Era

LHC era ~ up FCNC, however, regarding tFCNC, despite
orders mag’ improvement => constraints rather weak.

What 1f no deviation are observed including in u-FCNC
(or any other low E observable)? Can bound NP.

Flavor diagonal NP (spectrum or couplings, say KK gluon
BRs) could be exciting, especially deviation from U(2).

LMFYV vs. GMFYV could be next decade question:

LMFYV lies on A,-A4 plane;
GMEYV lies on large-axes sub-manifiold .
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