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O
utline

●
0) The observed C

P
V

 in D
 decays

●
1) P

artial C
om

positeness
●

2) C
ase of C

om
posite H

iggs M
odels w

ith P
C

●
3) C

ase of S
upersym

m
etry w

ith P
C



 
 

S
tarting point: direct C

P
-Violation in D

 decays

LH
C

b (N
ovem

ber 2011) later 
confirm

ed by C
D

F (February 2012).
W

orld average:

Q
uestion: is it S

M
 or B

S
M

?

see also M
onday 

talk by J.K
am

enik 
and today talks of 

F.S
ala and 

R
.Ziegler



 
 

C
an be N

ew
 Physics

Fair to say that:

● S
ize of S

M
 effect can be estim

ated to be 0.1%
 

[G
rossm

an, K
agan, N

ir 0609178]

● E
nhancem

ent of factor ~5 is possible 
[G

olden, G
rinstein 1989],[B

rod, K
agan, Zupan 1111.5000], [B

rod, G
rossm

an, K
agan, 

Zupan 1203.6659],  [Franco, M
ishim

a, S
ilvestrini 1203.3131]

● Interpretation in term
s of N

P is how
ever plausible 

[Isidori, K
am

enik, Ligeti 1111.4987], [G
iudice, Isidori, P

aradisi 1202.6204], [Li, Lu, Yu 
1203.3120], [A

ltm
annshofer, P

rim
ulando, Yu, Yu 1202] etc...

● Scope of this w
ork: assum

ing N
P, need rationale for Δ

F=1 vs ΔF=2.   
 →

 P
artial C

om
positeness natural possibility! W

e w
ill study it generically 

both in C
om

posite H
iggs and S

upersym
m

etric m
odels.



 
 

P
artial C

om
positeness

brief intro to:

(4D
 picture)

O
riginal idea: 

[K
aplan, 1991]

For a m
odern 

discussion see 
e.g. [C

ontino et al 
0612180]

● E
lem

entary and com
posite sector m

ix through m
ass m

ixing:

● S
M

 fields are the light m
ass eigenstates:

● ''D
egree of partial com

positeness'' =
 sinφ

n ≡  ϵ n       (<< 1 for light fields) 
A

ssum
ing coupling g

ρ (and m
ass scale m

ρ) in the com
posite sector,        

and totally com
posite H

iggs:

         '' ~ ''  ↔
   typical size, up to O

(1) coefficients  



 
 

D
iagonalization and C

K
M

● Yukaw
as are diagonalized through rotations:

●          everything is fixed up to 2 free param
eters (e.g.        and         ) 

(λ = C
abibbo angle)



 

Lepton sector

● If D
irac neutrinos and all analogous to the quark sector:

                                       non hierarchical

● B
ut sm

allness of neutrino m
asses suggests that they m

ay have a 
different origin. If M

ajorana one can have bilinear:

                    neutrino m
ass m

atrix anarchic,       can be negligibly sm
all

● In conclusion in the lepton sector             are free param
eters.

● 



 
 

P
C

 in C
om

posite H
iggs m

odels

● U
sing N

D
A (see S

ILH
 [G

iudice, G
rojean, P

om
arol, R

attazzi 0703164]):

● Taking into account that dipoles com
e at 1 loop in tractable theories:

● H
iggs m

ediated FC
N

C
: w

e assum
e H

iggs is P
N

G
B

, and the problem
 is 

avoided as in [A
gashe, C

ontino 0906.1542]

(+ fully ''elem
entary'' term

s that respect flavor)



 

P
C

 in C
om

posite H
iggs m

odels

● S
ince the effect w

e look for com
es from

 a dipole, w
e redefine:

● For ΔF=2, clearly better to have                   

● To account for           , using the results of [1111.4987] and [1201.6204]:

Finetuning: 
betw

een % 
and ‰



O
ther Flavor observables: quark sector

● M
arginally 

com
patible 

w
ith bounds 
in quark 

sector. S
om

e 
new

 effects 
around the 

corner

● M
ost robust 

expectation: 
new

 physics 
contribution 

to the 
neutron E

D
M



 
 

O
ther Flavor observables: lepton sector

In conclusion:
● M

arginally com
patible w

ith bounds in quark sector. S
om

e new
 effects 

should be around the corner, especially neutron E
D

M
.

● Lepton flavor and C
P violation too large by a factor ~200.

  →
 need additional assum

ptions in a concrete m
odel

●                            w
ill be m

easured at 10%
 of S

M
 prediction by N

A
62.

Visible effects can be naturally there in this fram
ew

ork, provided:



 

S
upersym

m
etry and P

C
S

ee also [N
om

ura,P
apucci,S

tolarski 2007-2008],[D
udas et al 1007.5208]

● A
ssum

e flavor scale                    is low
er than 

m
ediation scale, contrary to usual gauge m

ediation

● Invoke at         a m
echanism

 like gauge m
ediation, 

that ensures flavor universality of soft term
s in the light 

sector

● Yukaw
as are generated by linear couplings

● From
 running and from

 integrating out the heavy 
fields, below

         universality w
ill be of the form

:



 
 

● For sim
plicity (but not necessary):

● C
harm

 C
P asym

m
etry needs:

 W
e chose:                                    and

(this m
eans that w

e assum
e a m

ild enhancem
ent                      3-4)

● D
iagonalizing and using m

ass 
insertion approxim

ation:

B
ounds from

 color breaking (stability):
[Frere et al 1983]
[A

lvarez-G
aum

e et al 1983]



 
 

P
arenthesis: R

-P
arity violation

● P
C

 has natural
suppression m

echanism
:

                       m
ust assum

e L-conservation (also for ν-χ m
ixing)

● C
ollider P

henom
enology: for exam

ple
- can avoid m

ultilepton signal (evade bound
    of [A

llanach, G
ripaios 1202.6616])

- gg →
 6j final state, no M

E
T nor displaced vertex

- bound from
 LS

P pair production ~ 400 G
eV

C
M

S
, dijet resonances



Flavor bounds in the S
upersym

m
etric case:

● A
s in C

H
M

, quark flavor 
violation is under control.

● A
gain, robust expectation is 

neutron E
D

M
 aroud the 

corner

● Lepton sector: m
uch 

im
proved! R

eason: bino 
instead of gluino. 
S

uppression needed:
    1/200   →

    1/6
      ok if sleptons at 2-3 TeV

● E
xpect now

 effects also in 
µ→

eγ and electron E
D

M



 
 

C
onclusions

●
Flavor structure of P

artial C
om

positeness can naturally 
explain the observed C

P asym
m

etry in D
 decays

●
E

xpectations: contributions around the present sensitivity   
to ϵᴋ , ϵ'/ϵ and especially neutron E

D
M

 
●

In C
om

posite H
iggs case, problem

s w
ith Lepton FV

●
In S

upersym
m

etric case, LFV
 is ok and expect N

P around the 
corner also in  µ→

eγ and  electron E
D

M
. R

P
V is very m

otivated 
and can distort LH

C
 phenom

enology / evade bounds
●

N
P effects at level of 10%

 of S
M

 value  (future sensitivity   
of N

A
62) are naturally possible in K

 →
 π ν ν.

●
O

bservable that m
ay confirm

 B
S

M
 physics in dipole 

operators: C
PA

 in radiative D
 decays [Isidori,K

am
enik 1205.3164]



 
 

B
ackup



 
 

E
W

P
T



 

Top FC
N

C

W
here, for i=

1,2 :



 
 

S
tructure of FV

 operators in S
upersym

m
etric case

B
ut now

:A
s C

H
 case, w

ith:



 
 

O
ther bounds on R

P
V

 couplings

● O
ther bounds on B

-violating coupling:

 ● M
ain bound on L-violating coupling (χ-ν  m

ixing):

→
 reduced param

eter space for gauge m
ediation

L-violation m
ust be sm

all in any case



 
 

S
ize of R

P
V

 couplings

A bit larger than in M
FV

 [C
saki, G

rossm
an, H

eidenreich 1111.1239]



 
 

LS
P decay

● D
ecay of LS

P into superpartner plus gravitino:

● N
eutralino-chargino and slepton LS

P easily leads to displaced vertex:

● S
quark LS

P decays prom
ptly:

β = LSP 
velocity in lab 

fram
e

additional isolated 
leptons

(3b)

(4b)

(2b)

(4b)

(2b)


