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e Processes involving K and B mesons have always been regarded as the most
interesting probe of flavor and CP violation.

¢ In the SM, the largest flavor and CP violating effects appear in the down sector,
since the top mass is the main source of flavor violation and charged-current
loops are needed to communicate symmetry breaking, in agreement with the
GIM mechanism.

e While these properties hold in the SM, there is no good reason for them to be
true if new physics is present at the electroweak scale. In particular, it is quite
plausible that new-physics contributions affect mostly the up-type sector,
possibly in association with the mechanism responsible for the large top mass.

e SUSY models with squark alignment (nir & seiverg, 93 provide one example of
theories with large flavor and CP violation in the up sector but this situation is
fairly general in classes of models in which the flavor hierarchies are explained
without invoking the MFV hypothesis [Giudice, Gripaios & Sundrum, '11].

e D-meson decays represent a unique probe of new-physics flavor effects, quite
complementary to tests in K and B systems.
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Up flavour physics

¢ Golden channels in Up flavour physics

v

Direct CPV in SCS decays D° — KTK—(ntn™)
CPV in D° — D mixing

Hadronic EDMs

FCNC top decays, FB asymmetry in {t production,...
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v
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Time-integrated CP asymmetries in D° — K+*K—(n+7 )

o Experiment: Aacp = ayrx- — @ntn-
» DO mesons from D*+ — DOzt decays [LHCb 11, CDF 11, Belle ‘08 and BaBar '07]
Aacp = —(0.67 +0.16)%
» DO mesons produced in semileptonic b-hadron decays [LHcb '13).
Aacp = +(0.49 £ 0.30 £ 0.14)%
r(p° — f) —r(D° — f)
rD° — f)+Tr(D° —f)

ar , F=K'K™,ntn™

o Is it possible Aacp @ % in the SM? [Golden & Grinstein, '89, Brod et al. '12, Pirtskhalava et al.
12, Cheng et al., '12, Bhattacharya et al, "12, Feldmann et al., '12, Li et al., 12, Franco et al., 012]

Aagp ~ Si_TzeIm(V;qub)Im(ARSM):—(0.13%)Im(AF|’SM)
(o]

ARM x as(mg)/m ~ 0.1 in perturbation theory and al* = —ad* in the SU(3)

limit [Grossman, Kagan & Nir, '06].
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Effective Hamiltonian for D° — K+ K~ (ntx~)

e General Effective Hamiltonian [isidori, kamenik, Ligeti & Perez, 11]
G

M = 75 > (CIaI+CPQf) + Y (CQi+ Q) +He.,
2,4 12,56 i=7.8
Q] = (ug)v-a(qc)v-a, QF = (Uaqs)v-1(qsCa)v-a,
Q! = (Ge)v-a(Gq)via,  Qf = (UaCs)v-a(GsGa)va,
Q = 862 Mo T (1 4 75)F™ ¢
Q = 8952 me o, (1 +75)T2GL ¢,

e D— Dand ¢ /e constraints: |Ac| = 2 and |As| = 1 eff. ops are generated by
“dressing" T{HffaNf(x)HlAcl 1(0)} and T{HE NP (x) H3¥'(0)}

|Ac|=1
Allowed Ajar Disfavored
07 8 Q; . 0502 u,8d,b,0) OfEd Céss_d)l
vf 01 ', Qécs—u,b)/ Qéot)w stg) Cg—ed,c—u,Sd,b

» The effects induced by @V} are suppressed by m2/M3 !
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Time-integrated CP asymmetries in D° — K+*K—(n+7 )

o “Relevant” Effective Hamiltonian

_ Gr
Hipgt = —= Y CiQ+he
|Ac|=1 i Qi )
V22

me -
Q = 470 Uopuw T2gsGh” cr,
és = yp 2UHUWJT gsG‘“’cL

o Aacp: SM + NP

Aacp

Q

sin 6, [Im( o Vun)Im(AR®M) + z’: Im(G")Im(ARY)

= —(0.13%)Im(AR™) - 9> "Im(C"") Im(AR™"")

ARPM x as(mg)/m ~ 0.1 in perturbation theory and ai* = —ad™ in the SU(3)

limit. In naive factorization ’Im(AHNP&S) & 0.2 [Grossman, Kagan & Nir, '06]

Aagh ~2Im(Cy" +C5'")
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Testing direct charm-CPV

e Aacp VS. direct CP violation in D — V’y [Isidori & Kamenik, '12 (see also Lyon & Zwicky, '12)]

=004 [ESE [ ] 10w
C(me) = i [nC (M) +8Qu (n— 1) CY(M.)]
cP(me) = 7CY(M.),
=) ] 5]
1= o) [eatma) Loetmd]

e SU(3)-Flavor Anatomy of Non-Leptonic Charm Decays taking into account
SU(3)-breaking effects ms # my 4 at the second order [Grossman, Robinson, "12; Hiller,
Jung & schacht, 12 Correlations between CP asymmetries (D — n 7~ versus
D — K*K~, Ds — Ksn" versus D™ — KsK*, D™ — 2% D — 7°2°, and
D — KsKs) allow to differentiate between different scenarios for the underlying
dynamics, as well as between the standard model and various extensions.
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Lessons & Questions

e Lessons:

» On general grounds, models in which the primary source of flavor violation is linked
to the breaking of chiral symmetry (left-right flavor mixing) are natural candidates to
explain this effect, via enhanced chromomagnetic operators.

» The challenge of model building is to generate the AC = 1 chromomagnetic
operator without inducing dangerous 4-fermion operators that lead to unacceptably
large effects in D° — D mixing or in flavor processes in the down-type quark sector.

» Large effects for the hadronic EDMs are unavoidable as they are also generated by
the chromomagnetic operator.

e Questions:

» Which are the most natural NP theories to account for Aacp @ %?

» How to test and discriminate among different new-physics models? Looking at
connections between Aagp and other independent observables.

[G.F.Giudice, G.Isidori, & P.P, '12]
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Aacp in SUSY ) ) )

o Disoriented A terms (proportionality but not alignment with Yukawas)

Amc A 0912 TeV -3
2) (22 1
(te)ia ™~ 012~ (5) (2) (mzm)X o

SUSY ‘Im(5€l2)LFi| TeV
|Aag | ~ 0.6% 1 )

e Split families: m;, , > mg,
eff _ Amy (AN (015),, (032) TeV _3
(012) 1 = T (910) . (052) i ~ (g) o Umg )10

1m (6%) 55| (Tev)

10-3 mas

‘Aa?;gsy‘ ~ 0.6%

¢ In many flavour models (6;’2)‘2 ~ (012), but still (612) provides the dominant
effects if mg, , > mg,.

[G.F.Giudice, G.Isidori, & P.P,’12]
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Aacp in SUSY

e Disoriented A terms

A89m,,
(0] )em ~ //qu’ (6])i ~ (6))RR~0 q=u,d,
| o | 6% [ 0% | 6% |
g=d || <0.2 | <05 <1 _
g=u || <0.2 - <03 | <1

[G.F.Giudice, G.Isidori, & P.P, '12]
o Down-quark FCNC (in particular ¢’ /e and b — sv) are under control thanks to
the smallness of Muown
o EDMs are suppressed by my 4 (yet they are quite enhanced)

e Up-quark FCNC (induced by gluino & up-squarks) and Down-quark FCNC like
K — mvv and Bs g — pu (induced by charginos & up-squarks) receive the
largest effects from disoriented A terms.
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MFV

e The MFV ansatz is based on the observation that, for vanishing Yukawa
couplings, the SM quark sector exhibits an enhanced global symmetry

Gr = SU(3), x SU(3)4 x SU3)q.

e The SM Yukawa couplings are formally invariant under Gy if the Yukawa
matrices are promoted to spurions transforming appropriately under Gy.

o NP models are of MFV type if there is no new flavor structure beyond the SM
Yukawas. In this case they are formally invariant under G.

g ~ 1+ yuyl) + yoyb,

gy ~ 1+ ylyoybyu + yiyuybyu, b ~1+ yhyoybyo + yhyuylyo,

Au~ A1+ yoyl + yovh) yo, Ao ~ A (1+ yuyl + yovl) vo.
(610)i ~ ViaVia v, (08L)5 ~ V5 Vs v,
(88R)i ~ vy VisVis yi, (88R)i ~ Py Vs Vs v,
m{ mPA
(6LR)j ~ F V/3 7373 (87R)j ~ Folio V3, 7

o MFV allows for the presence of flavor-blind CPV phases.
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U(1) Flavor Models

e In U(1) flavor symmetry models Yukawas are of the (hierarchical) form

(}/U)// N EC?iJrU," (YD)/'j ~ 50i+Di

e Using Q; = U; = 0 as suggested by the large top Yukawa, all other charges
can be expressed in terms of masses and CKM matrix elements

ENAC?

u D
Q u Y o Vi
e~V €~ €~
i3 \/’3 ) ‘/i3
e The structure of the soft masses as determined by U(1) invariance is given by
R ~ A=Al AP, ~ UYL AR ~ POl
AU ~ Eoi+ljj, AD ~ COi+D/,
Vi3 d Vi3
(0L0)i ~ v, li<i (621)i ~ v~ li<i
\/jS </ \/jS </
u D
(0 ~ L (o) ~ Lo
if i<j =
ij Vis =" yPVis =
U D
LR)ij Fnoﬁ"lu V]?;a LR)j fhoﬁ]D ‘/],57

e Major problems: ex ~ my/ms and to a less extent ¢’ /e and the neutron EDM.
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Partial Compositeness (PC)

e PC is a seesaw-like mechanism that explains the hierarchy among the SM
fermion masses by mixing with heavy resonances of a strongly coupled sector.
characterized by the mass scale m, and the coupling g,.

e In the effective theory below m,, every quark (g, u, d); is accompanied by a
spurion e "4 < 1 that measures its amount of compositeness.
Y0)i ~ goele, (o) ~ Gpelef
e The structure of the soft masses at the scale m, is
g ~ 14 ele r~nfj~1+e,ye/‘",

7, i ~ 1+ €],

u qg d
Ay ~ gpe?ej, Ap ~ gpele,

(3L)i ~ () Via Vis, (08L)i ~ (e3)*ViaVia,

U, U / u\2 D\,D ( uy2

u oYY (&) dy Yy (&)
(%r)s Vis Vs 7 (O%s)i Vis Vs 7

U D

A V; A Vs

(8LR)j ~ V’f’ (0FR)s ~ m V,’* :
e PCvs. U(1): i) same parametric structure for Ay p ~ yY2, ii) higher

suppression in PC w.r.t. U(1) for the LL and RR sectors.
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Comparison of flavour models

MFV PC U{) | FGMyp+U(1) | FGMy+U(T)
(6tL)i ViaVisys ()?ViaVi | v2lii Vis Visy? Vis Visy?
(87 Vaivaiyi | ()PViaVis | 7l Vs Vaiyi Vs Vajy?
Ol || YOy Vi | IR R | s | A s
3 Yt Vi Vis i3Vj3 i3Vi3
(O8a)i || YPyP Ve Vaiy? H’ (}%22 ;05'3 li<j H YPyP Vs ViR
Gy || WOV | AR\ 0| A i
G, || YVEVerE | P | PR VPRV yP Vi Vayy?

Table: Parametric suppression for mass insertions in various scenarios. FGMy p and FGMy +
U(1) stand for Flavored Gauge Mediation models [see the talk of R. Ziegler].
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Comparison of flavour models

MFV PC [ U({) [ FGMyp | FGMy | EXP OBS.
@% || yaysX® | LS ays | yaysA | TXA070 e
(0% || yoyeXys | Y| R YuYe Yoye | 1x107° | |a/pl, ¢p
(6fr)re || ZfX°yp | Tt | AN | Ted) ZAN | 2x107% | Aace

(68a)12 TANS | AN | ZAN | By | ZANS | 4x107° | (/e
(8ta)11 o Wl | 4x107° |
@ | T | | | WY | BNV | 2x10° | dy

Table: The bounds refer to i = 1 TeV and (69)2, = (57, )12(535) 12

MFV, PC & FGM models are much better under control than U(1) or U(2)

Charm-Top flavour physics at the LHC(b)

flavour models. PC & FGM models provides also testable prediction.
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Aacp vs. the Higgs boson mass and UT fit
ato’ 10
go
m(TeV)
05 A\

o
O
[
<
05
my = (125 4- 1) GeV.
Ui \ 2\
\ \
1072 \\ 1.8 \ \1 st bt "
Y i | *
N L \ RARE I o
08 A W k%
N\ N1 \.\is X
AN \s AR
N\ 1\15 \ lt ’
. A/Fn—ox'a \ 2 2 .
10 10
110 115 120 125 130 135 140 -10 -8
m, (GeV)
u \eff ~ Amt u
(612) (g = 7, (6%3)

-9 -7 -6 -5 -4 ; ;
¢Bd

A\ (073) 1 (932)pr [ TeV -3

1 (0%2) g = <§> 23 by M, x 1077,

¢ Roboust prediction: |Aace| ~ 1% implies a heavy Higgs boson and neutron

EDM close to the current exp. bound.

e Less roboust (yet interesting) prediction: |Aacp| ~ 1% can improve the UT fit

through a NP phase in By mixing
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Top and stop phenomenology

e The effective AC = 1 transition through stops opens up the possibility of
observing flavor violations in the up-quark sector at the LHC.

» Production processes: pp — t*Ii;, where U; = @1, &. The rate for single T
production in association with a single stop is proportional to (6,"3),2?,?, since the
mixings in the right-handed sector are larger then in the left sector.

» Flavor-violating stop decays
r—ex’) _ 1% (1 B m?>_2
r(f — tx0) B M)
where u; = u, ¢ and X0 is the lightest neutralino.
» Flavor-violating gluino decays
-t 1107
In models with split families, the gluino can decay only into § — i, bb. Once we
include flavor violation, the decay g — u;t is also allowed
» Flavor-violating top decays [De Divitiis, Petronzio, Silvestrini, '97]

o \2 myy 4 u 2
BR(t — gX) ~ (E) (msusy) 165,

where mgysy = max(mg, my) for X =+, 9, Z and msysy = mg for X = h. Even for
5gq ~ 1and msyusy Z 3mw, BR(t — qX) 5 10—6.
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Aacp vs. tc(ct) + Et signal at the LHC

V5 =8Tev

10001\

RN 1 50.0¢
200 NN 4
é‘ b O™ ] Ew 10.0+
= s SN 1 & 5o
_ N TN
20 TN TS g 1.0+
1 =~ ~ \..7 0.5+
. . , . . . . . . . . . . ]
400 450 500 550 600 650 700 500 600 700 800 900 1000 1100 1200
m[GeV] m1[GeV]

LO prediction for the t¢(ct) +Er signal at the LHC from pair production of the
flavour-mixed squark state with mass my, for /s = 8 TeV (left panel) and 14 TeV
(right panel). Three different choices for the mixing angle ¢ = cos 6 are displayed:
¢ = 0.7 (blue, solid), ¢ = 0.85 (green, dotted), ¢ = 0.95 (red, dashed).

(57) (2% (391 C2).

[see the talk of M. Blanke]

’Aa%ESY‘ ~ 0.6%
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New-physics scenarios with Z-mediated FCNC

o Effective Lagrangian for FCNC couplings of the Z-boson to fermions

L2 N = — ok P (0 Pu+ (6B P @) Z + hc.

F can be either a SM quark (F = g) or some heavier non-standard fermion. If F
is a SM fermion
2 2
z 4 z z v z
J— . J— %)
(90)i ME, (AD)i (9R)i MI%P( R)i

e Direct CPV in charm

m [(Af)Zt(Aﬁ)ct]
5x10-2

Im [(97)it(95)ct]

5% 10-4 ~ 0.6%

1Tev\*
‘Aaﬁ;FCNC‘ ~ 0.6% < Mev>
NP

e Neutron EDM

Im [(97)it(9R)ut]

N —26
|dh| =3 x 10 5 % 10-7

e Top FCNC

(9B)cc|°

~ —2
Br(t — cZ) ~ 0.7 x 1072 | 5210
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Top FCNC

o Effective Lagrangian

e

5 d (9%LP. + 9%Pr) 0 tF

+ 2‘3;{ q (ggiPL + g;’;PR) 0w TG*™ +§ (ggZPL + gﬁ,’?PH) tH+h.ec.

-t = % G (Q§ZPL + Q?RPR) tz" +

e Top FCNC decay widths

3 2\ 2 2
e g (L Mz (1 2&)
r(t—q2) 32c§V|g m§< s + m )
o
Mt—qy) = Z|gf’,’|2mt,
o
r(t—ag) = Zlo71°m,

r(t— qH)

e (4 MEY
327 mf ’

where |g¥/|* = (Ig%, [* + |g5a/%) with X = Z,v,g, h.

Paride Paradisi (CERN)

Charm-Top flavour physics at the LHC(b)



New-physics scenarios with scalar-mediated FCNC

o Effective Lagrangian for FCNC scalar couplings to fermions

L5 = —a [(gl)y P+ (9R)i Pa] @ h+ hic.,

h PN h N
(g0)i = e, (AL 5 (9R)i = Ve, (AR)ii s
e Direct CPV in charm

Im [()‘ )ut(>‘ )Cf]
5x10-2

Im [(97)i(9R)1c]

> % 10-4 ~ 0.6%

(1 Te\/')4
Mxp

‘Aah FCNC] ~ 0.6%

e Neutron EDM

Im [(97)i(9R)w]

N —26
|dh| =3 x 10 > % 107

e Top FCNC

Br(t — gh) ~ 0.4 x 1072

Explicit realization of this setup in Partial Compositenes [ratiazzi & collaborators, '12]
and Randall-Sundrum models [pelaunay, kamenik, Perez, Randall, "12]
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Aacp in scenarios with Z- and scalar-mediated FCNC

axp..hound

10 10 107 107% 10 10 10 10 10 10 1
BR (t — c2) BR (t - ch)

Left: BR(t — ¢Z) vs. Aag,"“NC. Right: BR(t — ch) vs. AdL,"“NC. The plots have

been obtained by means of the scan: |(g{)u| > 1072, |(g%)et| > 1072, where

X = Z, h, with arg[(g;)ut] = +7/4 and arg[(gF )] = 0. The points in the red regions

solve the tension in the CKM fits through a non-standard phase in B,~B, mixing.
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Conclusions

It is quite plausible that new-physics contributions affect mostly the up sector,
possibly in association with the mechanism responsible for the large top mass.

SUSY models with squark alignment jnir & seiverg, 93] provide one example of
theories with large flavor and CP violation in the up sector but this situation is
fairly general in classes of models in which the flavor hierarchies are explained
without invoking the MFV hypothesis [Giudice, Gripaios & Sundrum, '11].

CP violation in D-meson systems (both CPV in the mixing and direct CPV) and
also hadronic EDMs represent a unique probe of new-physics flavor effects,
quite complementary to tests in K and B systems.

Non-standard effects in charm physics can easily imply large effects in top
FCNC decays, a large FB asymmetry in tt production [rochberg & Nir, 11 OF @ @
visible tc(ct) 4+ Er signal within SUSY [ianke et al, ‘13

From the model-builder side, the recent evidence of direct CPV in charm has
stimulated new ideas and the construction of models departing in a controlled
way from the MFV paradigm [Giudice, Isidori, PP, '12; Rattazzi et al., '12; Calibbi, PP, Ziegler, '13]
which have a much broader (and hopefully testable) impact on low and high-pr
phenomenology.

The synergy of low-energy flavor data with the high-pr part of the LHC
program can still teach us a lot about the new physics at the TeV scale (if
any) to be discovered with the upcoming 14 TeV LHC run.

Paride Paradisi (CERN) Charm-Top flavour physics at the LHC(b)




	Motivations
	Up flavour physics
	Time-integrated CP asymmetries in D0 K+K-(+-)
	Effective Hamiltonian for D0 K+K-(+-)
	Time-integrated CP asymmetries in D0 K+K-(+-)
	Testing direct charm-CPV
	Lessons & Questions
	aCP in SUSY
	aCP in SUSY
	MFV
	U(1) Flavor Models
	Partial Compositeness (PC)
	Comparison of flavour models
	Comparison of flavour models
	Top and stop phenomenology
	New-physics scenarios with Z-mediated FCNC
	Top FCNC
	New-physics scenarios with scalar-mediated FCNC
	Conclusions

