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* CP violation in D decays
* Partial Compositeness

* Composite Higgs with PC
* Supersymmetry with PC

e Conclusions
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CP Asymmetry in D decays
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CP Asymmetry in D decays

e Assumption |: AAcp = 0(0.5%)
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CP Asymmetry in D decays

e Assumption |: AAcp = 0(0.5%)
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* Assumption 2: New Physics (Non MFV!)



Model independent analysis

. Isidori, Kamenik, Ligeti, Perez 1111.4987
* At the effective field theory level we have:
Q1 = (ag)v—a (gc)v-a
. Q3 = (taqp)v-a (qsca)v-a,
gyeffi-NP _ =TF E CNPQ, Q5 = (uc)v—a (@Q)via,
VO R A Q= (Taca)v—a (G500)
p 6 — \(UaCp)V-A\4Bda)V+A,
Q7 = . Me U0 (14 v5) M ¢,
872
g — a 174
Qs = —gp2 Me U, (1+75)TGE ¢,

keep track of the hadronic

Aacp = (0.13%)Im(ARM) + 9 " Im(CNF) Im(AR)T) —— 310 m

0.1-0.2 as estimated using the tools
in Kagan, etal. hep-ph/0609178
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* Possible bounds from other observables: D mixing, CPV in kaon system,...

|Dc|=1

* Dipole operators are allowed




Partial Compositeness

e In TC theories techni-fermions break the EW dynamically (T7T°¢) o v*

fchTc 7}3
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* Fermion masses are generated by the ETC sector A2
ETC
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Partial Compositeness

e In TC theories techni-fermions break the EW dynamically (T7T°¢) o v*
ffc TT¢ \ 7}3

2
AETC’

* Fermion masses are generated by the ETC sector

* Another option: partial compositeness D.B.Kaplan (1991)

c=-L 717+ B _ferereTe 4 he ¢
Abro Agro
,Ceff — mLfB —+ meCBC +mpBB° mg
{ > ——>e—>——— {°
SM) = cosf|f) +sinf |B)
mrm
mp > My, MR my & ~' — mpeLen € ~ sin 0
mpg

* We will apply this idea to the Composite Higgs scenario (Higgs=Pseudo NGB)



Partial Compositeness in CH models

* The idea of partial compositeness applied to the composite Higgs looks like:

fL\\ eL £elem — ZTW'LLD,U]B

>= S Leomp = Leomp(9p, My, H)

Loix =€ f1Or + €1 frORr + h.c.



Partial Compositeness in CH models

* The idea of partial compositeness applied to the composite Higgs looks like:
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Partial Compositeness in CH models

* The idea of partial compositeness applied to the composite Higgs looks like:

fL\\ e Lelem — Zf/y'uD,uf
H
>:===: L:comp — Ecomp(gp,mp,H)
Lix = €1 frOp + €L frRORr + h.c.
iy i _J
Y =cijeper gp
* Flavor violation beyond the CKM one is generated:

\5L 5L/

fr I I fi g : FV related to the
~ 2Pt el -

e 2 L*RYLYR SM one but not in

fr L/m; fr p the Minimal FV way

A" e N

s it possible to generate CPV in the charm sector and
be safe with respect to the other dangerous processes?



Yukawa (quark sector)

* Yukawas are given by

(Yu)z’j ~ gpei-’e;-‘ (Ya)ij ~ gpeféf
* And diagonalized by
(LLYuRy)ij = gpel€ldiy = 46y, (LiYaRa)ij = gpeieldi; = yld;

™M
)

q q ’U,,d ’LL,d
. , ; ) €. €
(Lu)ij ~ (Ld)ij ~ min (;, ‘Z]) : (Ru,d)ij ~ 1IN ( Z’Cp Z,d>
4 : :

J 6] €;

™M
™M

e Link with the CKM Vexm = LYLy ~ Lug

€1 €2 2 €1 3
D) =~ — ~ A
€5 €3 €3
* Everything is fixed up to 2 parameters ¢,, 63, € s 6,? 1+3+3+3=10

m?,m?,VCKM 34+34+2=28

(gp,eg) or (gpaz

we

) in what follows
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Effective Lagrangian

e Use Naive Dimensional Analysis to estimate the Wilson

a fa 2 a fa
£0) <9p€i fijDujng> i Yp r@ (%% fi)Du ng> +]

2 3/2 !




Effective Lagrangian

e Use Naive Dimensional Analysis to estimate the Wilson

a fa 2 a fa
£0) [ 9 Ji D, g,H 1 Yp £ [ 9o fi Dy goH I
mi/Q m,’ m, 167 my/* m,  my,

P

4
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['Ale ~ € ngp m2 2 f?, UuugSMFSij
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¢ ]

o
L agh gp fW“fbHT JH
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2

bed Yo Z0 b FC rd

Lar=2 ~ €€€L€ Hpg Fiv" 17 Frevud
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* |n tractable theories, dipole operators are generated at the |-loop level

e Charm CPV asymmetry is induced by 0" g.;G . cr

* Better to have large Jp

47
o Useful to define A = —m,

9p



Effective Lagrangian

b
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* The induced CVP asymmetry is given by:

2 /1 I NP
Aacp ~ —(0.13%)Im(ARSM) — 0.65% (10 TeV) (m(cu,g>> Im(ARNP)

A 0.8 0.2

e As a reference value we take

A =10 TeV, Im(cfy,) ~ 1



Effective Lagrangian

L a b ?
LAp—] = €; €:gpV

2 _ab
o2 o it
i €59 92 A2 1

b c d 2(477)2 ?Jblgfi 1 pb FC d
Lar=2 = € €;€L€1 9, 72 f”V f Fevulti-
P

* The induced CVP asymmetry is given by:

2 /1 I NP
Aacp ~ —(0.13%)Im(ARSM) — 0.65% (10 TeV) (m(cu,g>> Im(ARNP)

A 0.8 0.2

* As a reference value we take
A =10 TeV, Im(c(ﬁg) ~ 1
s this picture compatible with the other experimental data?
e c are O(I) in a natural theory

* Strategy: apply bounds on the coefficients ¢



Quark sector
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* Not excluded, given the
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(65D = (iDL % —mo eled, (65 NRrr = ()RR x —2 €%},
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((5;; LR (CZ JLr X gpefe? umz : (5;; )RL (czf7 JRL X g,¢€; ;1 ufr’ﬂ ,



~ 2 ~ 2
u,d u,d my u,d u,d my u,d _u,d
(0;7 )z = ( ij )L X ) €q€§7 (5ij )RR (Cij )RR X —5 & &
u,d u,d u,d VYu,d AO u,d w,d u,d _q Vu,d AO
(6 ) (Cz’j )LR X Gy 6363 72 (513 )RL (Cij )RL X Ggp€; ;J 2
* The asymmetry in the charm sector is given by
g
1 TeV\® [ Ay Tm(ARNT) SR
Aacp ~ —(0.13%)Im(ARM) — 0.65% ( = ) <8m Im(cm)LR) 0o Nl ¢ (0 r



* As usual in SUSY case, it is possible to define the mass insertions

u,d u,d m(Q) q _q u,d u,d my u,d _u,d
(57;3' )Lr = (Cij )Lr X 2 G € €55 (0;7" )RR = (Cij )RR X —~—5 & & 5
u,d u,d u d Uy, d AO u,d w,d u,d _q Vu,d AO
(%‘ )LR = (Cz’j JLr X 9p € €; € 5 (5@' JRL = (Cij JRL X 9p €; 63‘ ~5
m m
* The asymmetry in the charm sector is given by
g
1 TeV\° [ A Im(ARNP) Lo
— SM 0 u S E
ACLCP ~ —(OlS%)Im( R ) — 0. 65% ( ) ) <8m Im<612)LR> 0.9 . \f:_\\, (5%2>LR
TeV

s this picture compatible with the other experimental data!?

* Strategy: apply bounds con the coefficients c

*We choose m =mg=1TeV  and =
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Bounds

m =1 TeV
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V() () rr 30 (fﬁ) Amg; ex
v (el3)re(cfs)rr 100 ( Amp,; Sy
V()1 (c%s) R 100 ( Amp,
(C1f2)LR 90 Amp; |Q/p‘>¢p
(cia)rL 2 x 10° Amp; |q/p|, ¢p
(ct2)rr € /e
(C?2>RL € /e
(cfs)Lr Amp,; Syxs
(cfs)rL Amp,; Syks
(c53)Lr B — Xy
(c53) R B — Xy
()R EDMs
(¢f)Lr EDMs
(ct2)rR ©w— ey
(cf2)rr W — ey
(¢59)LR.RL n— ey

electron EDM




Bounds

Coefficient Upper bound Observables ’fn p— ]_ Tev
2
(cta)rr 200 (%) Amp; |q/pl, ¢p
(C(liQ)LL 60 (%) AmK; (7¢
2
(cfs)Le 20 (lg) Amp,; Sy
2
(ng)LL 10 (%) B — Xs’}/
2
(ct)rr 2 10° (&) | Amp; la/pl, op
2
(cfs) R 3 % 10° (egltﬁ) Amp; ex
2
(C%)RR 8 X 103 (egltg) Ade; S¢KS
2
(c53) rr 2 x 10* (egltﬁ) Amgp,
V(@) () rr 60 g, Amp; |a/pl, ¢ e As before, a bit better
V()i () rr 30 (fﬁ) Amp; ek
V() Le(els) rr 100 ( Amp,; Sy
V (¢4s)LL(c3s) rr 100 ( Amp,
(cfo)rr 90 Amp; |q/p|, ¢p
(ct9)RrL 2 x 10° Amp; |q/pl, ép
(ct2)rr € /e
(cf9)re € /e
(ng)LR Amp,; Syks
(Cég)RL Amp,; Syks
(c%)er B — Xy
(c53) R B — Xy
(qul)LR EDMS
(6(111)LR EDMS
(ct2)rR ©w— ey
(cf2)rr W — ey
(cf2)LR,RL B — €7

electron EDM




Bounds

Coefficient Upper bound Observables ’fn p— ]_ Tev
2
(cta)rr 200 (%) Amp; |q/pl, ¢p
(C(liQ)LL 60 (%) AmK; (7¢
2
(cfs)Le 20 (lg) Amp,; Sy
2
(ng)LL 10 (%) B — Xs’}/
2
(ct)rr 2 10° (&) | Amp; la/pl, op
2
(cfs) R 3 % 10° (egltﬁ) Amp; ex
2
(C%)RR 8 X 103 (egltg) Ade; S¢KS
2
(c53) rr 2 x 10* (egltﬁ) Amgp,
V(@) () rr 60 g, Amp; |a/pl, ¢ e As before, a bit better
V()i () rr 30 (fﬁ) Amp; ek
V() Le(els) rr 100 ( Amp,; Sy
V (¢4s)LL(c3s) rr 100 ( Amp,
(cfo)rr 90 Amp; |q/p|, ¢p
(ct9)RrL 2 x 10° Amp; |q/pl, ép
(ct2)rr € /e
(cf9)re € /e
(ng)LR Amp,; Syks
(Cég)RL Amp,; Syks
(c%)er B — Xy
(c53) R B — Xy
(qul)LR EDMS
(6(111)LR EDMS
(ct2)rR ©w— ey
(cf2)rr W — ey
(cf2)LR,RL B — €7

electron EDM




Bounds

Coeflicient Upper bound Observables ’);h — ]_ Tev
2
(o)t 200 (%) | Amo; la/pl, 6p
()1 60 (%) N
2
(cfs)Le 20 (lg) Amp,; Sy
2
(ch)rr 10 (%) B — X,
2
(c12)rr 2 x 10° (é) Amp; |q/pl, ép
2
(cfs) R 3 % 10° (egltﬁ) Amp; ex
2
(C%)RR 8 X 103 (egltg) Ade; S¢KS
2
(ng)RR 2 X 104 (egltﬁ) AmBs
V() (Ch) r 60 g, Amp; la/pl. ép e As before, a bit better
V(e | 30 (2) Amig; ex
v (el3)re(cfs)rr 100 ( Amp,; Sy
V(¢33) e (c4s) rr 100 (2 Amp,
(ng)LR 90 ; Amp; |q/pl, ép .
(et 2% 10 Amop; |a/pl, ép * (Problem solved in the
(ci2)Lr € /e |
() ¢ /e lepton sector!)
(cfs)rr Amp,; Sk
EcgggRL Amp,; Syks
Co3)LR B — Xy
(c53) R B — Xy
(ci1)rr EDMs
(cf)rr EDMs
(ct2)rR ©w— ey
(cf2)rr W — ey
(cie)LR.RL p— ey

electron EDM
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Bounds

Coefficient Upper bound Observables ’);h p— ]_ Tev
2
(cta)rr 200 (%) Amp; |q/pl, ¢p
()1 60 (%) N
2
(cfs)Le 20 (lg) Amp,; Sy
(ch)rr 10 (%)2 B — X,
2

(ct2)rR 2 x 10° <é> 2 Amp; |q/pl, ép

() Rr 3x10° (5 ) Amig; ex

(0?3)RR 8 X 103 (egltg)Q Ade; S¢Ks

(ng)RR 2 X 104 (egltﬁ)Q AmBs
NCATICDIT: 60 g, Amp; [g/pl, op e As before, a bit better
V(e | 30 (2) Amig; ex
v (el3)re(cfs)rr 100 ( Amp,; Sy
Vv (CEZE,)LL)(C%)RR 100 (2 Amp,

y)LR 90 Amp; |g/pl, ép

Eggzim 2% 10° Amp; Jc]z/p\,sbp * (Problem solved in the

12/LR € /€
() ¢/ lepton sector!)
Amp,; : -

% ine i S CH: loop in the strong sector

()L B X,y SUSY: Bino vs Gluino loop

(%) Re B — Xy

(ci1)Lr EDMs

(ci)er EDMs

(ct2)rR ©w— ey

(cf2)rr W — ey

(ci2)LR,RL B — ey
(cti)Lr electron EDM




Conclusions

* Flavor and CP violation in the charm sector could represent the first hint of non
minimal flavor violating New Physics. Unfortunately SM is not under control.

* Partial compositeness, could explain the “observed” CP asymmetry in the charm sector
* Other effects near the corner, in particular NP effects in the neutron EDM
* Composite Higgs case: resonances at |0 TeV

e SUSY case: CP asymmetry is reproduced with sparticles at | TeV






CP Asymmetry in D decays

* CPV in violation in the charm sector is very interesting:

|. Sensitive to NP in the up sector
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CP Asymmetry in D decays

* CPV in violation in the charm sector is very interesting:

|. Sensitive to NP in the up sector

2. In the SM, direct CPV violation enters (naively) at © (“;Cbg’“b a3> ~ 1074
cs?Vus ™

Experimental results

FORSE TAGLIO
* Time-integrated CPV decay asymmu tes:
- — /)
' - /)
/
ACL(/? o Wt —

e LHCb (November 201 1) and CDF (February 2012) reported ( Aacp = —(0.67£0.16)7% .

g N\

** SM cannot be excluded @ Could be non MFV new physics!
Golden, Grinstein, Phys. Lett B. 222 (1989) Grossman, Kagan, Nir hep-ph/069178
Brod, Kagan, Zupan, 1111.5000 Isidori, Kamenik, Ligeti, Perez 1111.4987
Brod, Grossman, Kagan, Zupan, 1203.6659 Giudice, Isidori, Paradisi 1201.6204

Feldmann, Nandi & Soni 1202.3795 Hiller, Hochberg, Nir 1204.1046
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by strong interactions gp, M,

* Explicit breaking of G due to the Yukawa sector and an effective potential for H is generated:

|. EW symmetry is broken mﬁ v:e
2. Higgs mass is generated V(H) ~ g—g SRT IR V(H/[)
v? mj,
* EW tuning is characterized by ¢= — * Higgs tuning is characterized by ‘asu

2
f2 4 mp



Composite Higgs

. . Georgi, Kaplan (1984)
*The nggs IS a PSGUdO Goldstone boson Agashe, Contino, Pomarol hep-ph/0412089

Contino, 1005.4269

* Pattern of symmetry breaking:

G

H G — H
by strong interactions gp, M,

* Explicit breaking of G due to the Yukawa sector and an effective potential for H is generated:

Comparing with TC

|. EW symmetry is broken mA 2

p yL,R 3
2. Higgs mass is generated V(H) g2 * 16m2 " VH/S)
v* mj,
* EW tuning is characterized by ¢ = 7 * Higgs tuning is characterized by ‘asi 2
47 P

¢ Minimal realization

|.H contains EW group and the custodial symmetry H = SO(4)
2. G/H contains only one Higgs doublet G/H = S50(5)/5S0(4)
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Taglia (7)




Lepton sector

e Yukawas for charged leptons  (Y.);; ~ gp€f€§7

* Parameters cannot be univocally connected . lue to our ignorance on

I ia (7
neutrino masses Taglia (7)

. . . /
e If neutrinos are Dirac particles (Y2)ij ~ 9o€;

D

L/ b > e e
VPMNS:LZLV — > Ez’/ej T mz/m]

* If neutrinos are Majorana particles, Other Pa:wee—s = wweer waueed



Lepton sector

e Yukawas for charged leptons  (Y.);; ~ gp€f€§7

* Parameters cannot be univocally connected . lue to our ignorance on

I ia (7
neutrino masses Taglia (7)

. . . /
e If neutrinos are Dirac particles (Y2)ij ~ 9o€;

D

L/ b > e e
VPMNS:LZLV — > ei/Ej T mz/m]

* If neutrinos are Majorana particles, Other Pa:wee—s = wweer waueed

* In any case the phenomenologically most favorable scenario is the LR symmetric case

6 . |m
6§ € ms
Leptonic Operator Re(c) Im(c) Observables
eocteF,er r - 5 x 1072 electron EDM [52)]
foteF,er g 4 x 1073 1w — ey [53]
eviur R HW?MH 1.5 (42) % p(Au) — e(Au) [54]




Lepton sector

¢ e
e Yukawas for charged leptons  (Y.);; ~ 9p€i €

* Parameters cannot be univocally connected . lue to our ignorance on
. ia (?
neutrino masses Taglia (%)
: . . /
e If neutrinos are Dirac particles (Y2)ij ~ 9o€;
7t (/L 2 e e
Vepuns =L.L, —> ei/ej i~ Ty /mj‘

* If neutrinos are Majorana particles, Other Pa:wee—s = wweer waueed

* In any case the phenomenologically most favorable scenario is the LR symmetric case

€§ € ms’

Leptonic Operator Re(c) Im(c) Observables
eocteF,er r - 5 x 1072 electron EDM [52)]
foteF,er g 4 x 1073 1w — ey [53]

eviur R HW?MH 1.5 (42) é p(Au) — e(Au) [54]

PC is ruled out or extra flavor protection in the strong sector is needed
(no hadronic uncertainties to blame!)



Summary CH models

* The New Physics scale required to saturate the CPV in D decays is too large for direct
production

* Tuning of O(0.1-1%) why not?!

* The model is marginally consistent with all the bounds in the quark sector. Neutron
EDM provides the most robust constraint (signature?!)

* Possible effects in €, e’/e7 B — X

* | epton sector problematic, needs ad hoc symmetries



(Nomura, Papucci, Stolarski 2008)

0 6;0;®; MSSM
H’u,7Hd < > A
Jp, Mp ¢

* Flavor is generated atascale A p = m,

* Another scale associated to the mediation of SUSY breaking AS



Low energy MSSM

* |Low energy EFT can be derived from

LXpa = /d2 /d2 (6% LX, Hud) + [/d2 - W(eigf;q)z X, 5 )+h.c.]
mp p p p

* As before but with f — @ and X keep track of SUSY breaking

* Respect to the non susy case m, > 10 TeV



Low energy MSSM

* |Low energy EFT can be derived from

%%sg /d2 /d2 (e?gpcbﬁ Hud) 4 [/dQ W(eﬁgp@f 9pH )+h.c.]
mp mp 95 M Mp

* As before but with f — @ and X keep track of SUSY breaking

* Respect to the non susy case m, > 10 TeV

e Soft terms:

(mé)z] = Thééij + m(Q)cQ eQeQ ~ 6" + 622 X 622
(mi)e; = mpd + ﬁzgcl‘} eiel, ~ 8 el x el
(mQD)ij — 20"+ mocD eDe% 6% + €'y x e%
Ag = GiQG%.]gp CLUmO ~ Y J Mo No exact proportionality.

This realize the “Disoriented A-terms’’ scenario

1) )~ Giudice, Isidori, Paradisi (2012)

ii i ij ~



Flavorful Supersymmetry

* Flavor and SUSY breaking
A

AF =T~ °* Generation of the flavor =——> Yu,Yq, Ye

As — o Mediation of SUSY breaking —Y ;= mil; A=

ij
e RGE
Mgoft =t * Low energy MFV MSSM




Flavorful Supersymmetry

* Flavor and SUSY breaking

A

— o Generation of the flavor

— ¢ Mediation of SUSY breaking

* RGE

Mgoft =t * Low energy MFV MSSM

e Flavorful SUSY (Nomura, Papucci, Stolarski 2008)

As L

A

WmiXZE,LQQiOQi—I—...

Msoft —T *© Low energy Flavorful MSSM

YU7Yd7Y6

mw

~ 2 ~ 2
--:mo&‘j A:

~ 2 b ~ 2 o . —
mi;; =mgo;;  A=0
Y = Jp€LER
> 2 —_— ~ 2 P P . .
m;; = mg (015 + cij €i€j)

A~Y A



R Parity Violation and PC

* Without extra symmetries in the flavor sector we expect R parity violating couplings:

WB — _)\/]k;uzd dka )‘;,gk: ~ QQBEU €§ d

WE — _>\Z]]€L L 6k —I_ )\ jk}L dek Ai]k 2g14€€ g 6 )\/ gIAEE q d

gy ~ 9B ~ 9p
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* Lepton number violation is severely constraints by neutrino masses



R Parity Violation and PC

* Without extra symmetries in the flavor sector we expect R parity violating couplings:

WB = —)\’]kuzd-dk, ij ~ QQBEU d d

d

@N
M»Q

Wﬂ p— _AijL L ek —|— )\ ]k:L dek Ai]k‘ 2gu€£ E 6 )\/ gME

gy ~ 9B ~ 9p

* Simultaneous baryon and lepton number violation generate a too fast proton decay

* Lepton number violation is severely constraints by neutrino masses

* Baryon number violation is very welcome to hide SUSY at colliders

gL N

" 9

d < :

UR ~e Depending on the spectra, bounds on
R,3

squark and gluino down to 400 GeV
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Partial Compositeness in CH models

ci (1) ~ e (M)

€1 < €92 < €3
natural explanation of flavor hierarchy!

~ conformal —=

>A@i—5/2

m, Loy + ...

\ J
|

Higher Dim. Operators controlled by mp
(here focus on Flavor Violation)




Partial Compositeness in CH models

(1) ~ e (8) (B) 70

€1 < €92 < €3
natural explanation of flavor hierarchy!

~ conformal —=

—

mp LSM—I—...
\ J

|
Higher Dim. Operators controlled by mp

(here focus on Flavor Violation)

* Use Naive Dimensional Analysis to estimate the Wilson Coefficients:

a fa 2 a fa
10) <9p€i /i Dujng> 1 Ip r® <9p€z' fi’DungH> I

3/2 7 2 3/2

4
_ P

LNpa = —
0
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Higgs: the future

g(hAA)/g(hAA)|,-1 LHC

oS =14 3= 0% (L) PC

300 b1
14 TeV

400 Ge\/)2

ma

g(7)/SM =1+ 10% (

SUSY



