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0) The observed CPV in D
decays
1) Partial Compositeness

2) Composite Higgs and PC Starting point: direct CP-Violation in D decays
3) Supersymmetry and PC

CDF Run Il Preliminary
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0) The observed CPV in D

decays | AAcp = Acp(KYK™) — Ao p(ntn™)
1) Partial Compositeness — A _
2) Composite Higgs and PC = (—0.67 £ 0.16)%

3) Supersymmetry and PC

Question: is it SM or BSM?

Answer: ?

» Size of SM effect can be estimated to be 0.1%
[Grossman, Kagan, Nir 0609178]

* Enhancement of factor ~5 is possible

[Golden, Grinstein 1989],[Brod, Kagan, Zupan 1111.5000], [Brod, Grossman, Kagan,
Zupan 1203.6659], [Franco, Mishima, Silvestrini 1203.3131]

* Interpretation in terms of NP is however plausible

[Isidori, Kamenik, Ligeti 1111.4987], [Giudice, Isidori, Paradisi 1202.6204], [Li, Lu, Yu
1203.3120], [Altmannshofer, Primulando, Yu, Yu 1202] etc...

ﬂv Fair to say that:
Can be New Physics

» Scope of this work: assuming NP, need rationale for AF=1 vs AF=2.
— Partial Compositeness natural possibility! We will study it generically
both in Composite Higgs and Supersymmetric models.




0) The observed CPV in D a Original idea: N

decays brief intro to: [Kaplan, 1991]
1) Partial Compositeness . . For a modern
2) Composite Higgs and PC Partial Compositeness discussion see
upersymmetry and P : e.g. [Contino et al
(4D picture) \_ 0612180]

* Elementary and composite sector mix through mass mixing:

L = hm_mgmsﬁm_w% =+ hno::uo”w?m + hz:va:m

« SM fields are the light mass eigenstates:
|SM,,) = cos ¢, |elementary ) 4 sin ¢, |composite,, )
- "Degree of partial compositeness" = sing» = €x (<< 1 for light fields)

Assuming coupling g» (and mass scale mp) in the composite sector,
and totally composite Higgs:

Hv AM u VC. ~ Qémm\mw AM &VC. ™~ Qbmm\mw AM € VC. ™~ thmmm

m "~" « typical size, up to O(1) coefficients Q



0) The observed CPV in D

decays

1) Partial Compositeness . . ]

2) Composite Higgs and PC Diagonalization and CKM
3) Supersymmetry and PC

* Yukawas are diagonalized through rotations:

rtv D _ ug Tty ds
Ahwuzmzf = Qnm m v = ,.‘Qweﬁ ; AHMM ﬁtﬂ&r = Qbﬂ m v = Y; Oij
o | . €l mw | | . mwh mw.i
where: (Ly)i; ~ (Lg)i; ~ min a1 (Ry.d)ij ~ min o ud
i €; € . €.
J l -4 -1
o CKM matrix:

7 f
M\Q KM — L d L u ™ N\:.Q_

to naturally explain the size of quark mixings one needs:

q q q
i €2 2 1, )\3
— —_— v —_—
.mQ m.c m.Q

2 “3 3

(A = Cabibbo angle)
ﬂv everything is fixed up to 2 free parameters (e.g. 9, and €35 )
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1) Partial Compositeness

2) Composite Higgs and PC _IGU_”OD sector
3) Supersymmetry and PC

e If Dirac neutrinos and all analogous to the quark sector:
M\\Uk:?qm — N\MN‘:\ non hierarchical ﬂv mw\mm ~ |

« But smallness of neutrino masses suggests that they may have a
different origin. If Majorana one can have bilinear:

Yi;iL;L;O
ﬂv neutrino mass matrix anarchic, €; can be negligibly small

* In conclusion in the lepton sector mw\m.w are free parameters.

* We will make the most phenomenologically favorable choice:




0) The observed CPV in D
decays
1) Partial Compositeness

2) Composite Higgs and PC PC in Composite Higgs models
3) Supersymmetry and PC

« Using NDA (see SILH [Giudice, Grojean, Pomarol, Rattazzi 0703164]):

My | o) (906 17 D 9pH + % o (9L S D 9oH
3/2 : 3/2

: : : : -+ .
2 , . <. . ,
95 m my 1My 167 m My 1My

h2U> —

(+ fully "elementary" terms that respect flavor)

 Taking into account that dipoles come at 1 loop in tractable theories:

U g, —a
a b P LV
Lar=t ~ mmugnN:-ApAV fi s /7
2
g, — A|v
ab Ip F0_pu
— + et S0 F i HTD

:~l

a b _c d kb |:)._t b ¢ . ra
LAap—o ~ €; €€LE :Nw \J \m ,\M i J

* Higgs mediated FCNC: we assume Higgs is PNGB, m:a H:m problem is
avoided as in [Agashe, Contino 0906.1542]
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1) Partial Compositeness

2) Composite Higgs and PC PC in Composite Higgs models
3) Supersymmetry and PC

 Since the effect we look for comes from a dipole, we redefine:

m.@@
_ a b o 1J.gsm £ : t v rb
Lap=1 = €€ ji9pt \2 fi O gsmEg x
\ A _ .»_v ab
A=—m, , (4m)* (@ = o
1 (L
9p + € %Q A I >.t~% mﬁb H
P 2 /v /
9p
2 abed
(4G — .
_ ab_c -&,wﬁk,v ijkl :)t b€ . pc
Lap=—2 = € €i€k€1 9, \2 fin x Tt
9, !

« For AF=2, clearly better to have g, ~ 47

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

S Finetuning:
ur,o"’ ;G Ccr Hv A =10TeV, Im(c ﬁgv ~ 1 between %

and %o
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0) The observed CPV in D

1) Partial Compositeness
2) Composite Higgs and PC
3) Supersymmetry and PC

A =10 TeV,

Im(cfy,) ~ 1

Operator AF =2 | Re(c) x (47/ ,QL.N Im(c) x (47/g,) Observables
u\ 2 w\ 2
(spy*dp vm 6 x 102 Amlwv 2 Amlwv Ampg; €x
€3 €3
(Sgpdr, vw 500 2
(spdr)(5LdR) 2 x 102 0.6
Operator AF =1 Re(c) Im(c) Observables
..f,.|m~0.t~\m_ﬁtt®h B — ‘urwm
spotveF,,br 2 9 i
Sro™ gG L dr - 0.4 K — 2m; € /e
550" gsG L dR - 0.4 v
o, A +.1 20 (92 \2 ([ u)2 +,,—
spytbp H N%tm 30 A|L (€5) By — pum
spytb HY D H | 6 (92)7 (e4)? 10 (%)% (et)? B — X, (+(~
Operator AF =0 Re(c) Im(c) Observables
Aot e F wiL R - 3 x 1072 @3: EDM
|~|5t YeFurL R - 0.3
QQ.ttQmﬁﬂttm\h.m - 4 x 1072
uot” Js ﬁ.ut,t UrL.R - 0.2

Other Flavor observables: quark sector

* Marginally
compatible
with bounds
In quark
sector. Some
new effects
around the
corner

 Most robust
expectation:
new physics
contribution
to the
neutron EDM




0) The observed CPV in D
decays

1) Partial Compositeness
2) Composite Higgs and PC

3) Supersymmetry and PC Other Flavor observables: lepton sector
Leptonic Operator Re(c) Im(c) Observables
eocteF,er R , 8x 103 electron EDM
o eFuer 4% 107° prey >
= = — —
evh L R m:ﬂtm 1.5 A%L =3 (w(Au) — e(Au)
w

In conclusion:

« Marginally compatible with bounds in quark sector. Some new effects
should be around the corner, especially neutron EDM.

* Lepton flavor and CP violation too large by a factor ~200.
— need additional assumptions in a concrete model

+ o+
. KT = TTUV il be measured at 10% of SM prediction by NAG2.
Visible effects can be naturally there in this framework, provided:

Yp . a A#ﬂ.vw ab 7%
Jw\ﬁvhyﬁ §) AMV mm.mw \2 @ﬁ&\& t
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Partial Compositeness

Composite Higgs and PC Supersymmetry and PC
Supersymmetry and PC

See also [Nomura,Papucci,Stolarski 2007-2008],[Dudas et al 1007.5208]

» Assume flavor scale m, = Ap is lower than Asprsy

mediation scale, contrary to usual gauge mediation —

e Invoke at As a mechanism like gauge mediation,

that ensures flavor universality of soft terms in the light Ay
aAvVoT

sector

 Yukawas are generated by linear couplings A; f;'Of

* From running and from integrating out the heavy

fields, below m, universality will be of the form: 0 + O(1) €:¢;

m2). . 228 1 9.9,52 Y,d)ii ~ g,ele”
(Mg )i ~ My0i; + €;€,my (Yud)ij ~ Gp€i€;
2 ~ 92 ¢ w.d u,d ~ 92 ;»
A\\\:.lv\& ~ \\\:;\Q\\ + € mg Un
w.d ) ; Without exact proportionality!
. q u.d — - —
A i1 ~  (yE; € ; L: . -4 disoriented A-terms

[Giudice,lsidori,Paradisi 1201.6204]
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1) Partial Compositeness
2) Composite Higgs and PC

3) Supersymmetry and PC « Diagonalizing and using mass

Insertion approximation:

~ 2 ~ 2

~u,d _ / ud Mo q gq ~u,d _/ u,d Mgy wd ud
cu,d d ] d Yu,d Ag cu,d u,d  u,d q Yud Ap
Qm JLR = Tw JLR X Gp mmmw 72 Em )RL = Tu JRL X Jp € €; 2

« For simplicity (but not necessary): Qw L~ ~

« Charm CP asymmetry needs: . ,
Cha ymmetry ) Ao [1TeV\
Im(ciy)rr X — X — ] ~3

m m

We chose: m ~ mg ~ 1 TeV — and Ag/m =2
(this means that we assume a mild enhancement Im(cly)Lr ~ 3-4)
Bounds from color breaking (stability):

:uaamﬁm:@mm_ .a .. : >| ;.‘
[Alvarez-Gaume et al 1983] Ag/m < 3 (cio)Lr % 7 < 15
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decays . . . .

1) Partial Compositeness Parenthesis: _Nn_Um—.__”v\ violation
2) Composite Higgs and PC

3) Supersymmetry and PC

1
Wp = -\l ud;dy,
« PC has natural .w N
suppression mechanism: Wy, = my%??? + N LiQjdy, + piLiH,
s u _a ¢ - rQ
ik ~ 20 e Nijke ~/ 20y€;€;5€5 Nk ~ (u€s ek i ~ %mmt
P
« From proton decay £y (989 AQJ tan® 5 g (i ?
to 70t : RS Qm Adw/) cosB 1 TeV
——> must assume L-conservation (also for v-y mixing)
 Collider Phenomenology: for example
- can avoid multilepton signal (evade bound o N
of [Allanach, Gripaios 1202.6616]) ds S o
- gg — 6j final state, no MET nor displaced vertex Dns )

- bound from LSP pair production ~ 400 GeV

~ ~ ~ sk ~ %k

ﬁ pp — Uiy, wity, uiu; — 47 CMS, dijet ﬂmmo:msommw Tri2

Q
<
0!
o /




0) The observed CPV in D

decays

1) Partial Compositeness
2) Composite Higgs and PC

3) Supersymmetry and PC

Coethicient Upper bound Observables
2
(cf3)LL 20 A%v Amp,; Syks
2
(cs)LL 10 A%v B — X
V(%) Lo (%) rR 60 g, Amp: |q/p|. ép
/\?‘.ﬂ_w )L(cty) R 30 Amv Ampg; €g
V(%) e (¢%) rR 100 (£ Amp,; Sk
V(33)ee(cd3)rr | 100 (£ Amp,
() LR 90 Amp; |q/p|, ¢p
(¢y) LR 2 € /e
(¢fy) R 2 m\\m-
A. «...%._t RL NA..,: Amp,; SyKks
Am.m..wv LR 20 B — ./m)_,
(c83) L 8 B = X
A.m.%:hm 0.4 EDMs
(4 LR 0.09 EDMs
(ci2)LR,RL 0.6 [ — en
(cy{)LR 0.5 electron EDM

Flavor bounds in the Supersymmetric case:

* As in CHM, quark flavor
violation is under control.

* Again, robust expectation is
neutron EDM aroud the
corner

L epton sector: much
improved! Reason: bino
instead of gluino.
Suppression needed:

1/200 — 1/6
— ok if sleptons at 2-3 TeV

« Expect now effects also in
u—ey and electron EDM



Conclusions

Flavor structure of Partial Compositeness can naturally
explain the observed CP asymmetry in D decays

Expectations: contributions around the present sensitivity
to ex, €'/e and especially neutron EDM

In Composite Higgs case, problems with Lepton FV

In Supersymmetric case, LFV is ok and expect NP around the
corner also in u—ey and electron EDM. RPV is very motivated
and can distort LHC phenomenology / evade bounds

NP effects at level of 10% of SM value (future sensitivity
of NA62) are naturally possible in K — z v v.

Observable that may confirm BSM physics in dipole
operators: CPA in radiative D decays [Isidori,Kamenik 1205.3164]
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EWPT

m
LewpT D ¢ 99 iy JHB™ 4 cp 22 “|H'D,H|?
Ew H Ew
2 1 _ ™ 2 ) 2

~ m 10 TeV A7
S = oY —64x10%ce [ ————

. ©s _,Sw oS A 9p
~ gpv* 10 TeVY)?
T = —C7 r\b 5 = —4.8 X HOIMQ.N._ —_—

ms A

— need to assume that the strong mmojﬂ respects custodial
symmetry. In this case one finds €3~ < 0.2-0.4

_ R e
Lewpr D ca@arYqar iHY D  H

QHQ@ ¢ / _~...1w .
A= Aeml@’Un) G <osw mmmE> o

Q@h

W
A
et
() |




Top FCNC

_ R 3 . =
041 = G g tH' D ,\H Ols = G 7 g3 tH'7* D H
. <=
Oy = gy uspiH' D  H
I at _ 9 o _ L iR p
MU ﬂm& = %Nm V:_&Gw Pr, + 9z Numv@ t
e w
L - MN.M R - .N~.w
Where, for i=1,2: gz = (—cm1 + mmmvﬂ. 97 = Icmwﬂ
p p
. 2 9 q . 2 u u
CH1(2) ™ Yp€i€3: CH3 ™~ Jp€; €3
- S i (10 TeV®
Hv BR(t = cZ) ~2-107° (——— ) ()

Difficult to see at the LHC (sensitivity 10~ ), unless
there is a mild enhancement. Negligible —cy.



Structure of FV operators in Supersymmetric case

I —a

a b t vV rb
hDﬁHH ~ €, m.\\..vam \m& Q.t.t.QwZ \

@Nszy 7 b ity
+ mmmnm.w >N\,~ FfiHY D H

b c d Nmmz 1 —a b
hDNuHM ~ m m mrm\.Q.b ..\N >N \W)\ «\U r\ur \.:

But now: A = 4m 3\ gsm

Hv As CH case, with: 47 /g, — gsm/ 9p



Other bounds on RPV couplings

« Other bounds on B-violating coupling:

,_ m\w em\m
:Q ___ Hmozm/\ _3
Amwvw AHWV g_:NuMwo A|M/ TV Cﬁlv>+>+v

I N . . I
Ammvu Amv ﬁm:qumxHo& AH MHM./\V M:_M@ A.ulv.\.wjrmuv

M2 o M 1 TeV
b.\ﬁ:mmm ~J Q./'WE N H_,Oﬁw wm../\ A I@ v .Q./.
H Iy m m

— reduced parameter space for gauge mediation

* Main bound on L-violating coupling (y-v mixing):

@ m awAHolw 3 H _AH<
Amnv (63)° S AHHm/\V cos? B ?:_\ mv

Pv L-violation must be small in any case



Size of RPV couplings

(2.7 x 1073 (tbs)

e, s .o.o X .5|M A@@

Ve AQ&V tan 5\~ [ €5 (= o) ¢ L7 107" (cbs)
ik Amr 3 0.5 ! 0.5 x 1074 (cbd)
1.7 x 1075 (ubs)

| 0.4 %107 (ubd)

\> bit larger than in MFV [Csaki, Grossman, Heidenreich 1111.1239] /

sb bd ds

w|5x1077 6x107? 3 x10712
cl4x107° 12x10° 12x10°8
t12x107% 6x107° 4% 1075

tan 3 = 45




LSP decay

e Decay of LSP into superpartner plus gravitino:

my ) . 300GeV\’ / mea \2
HJQ ~ hwz,o_ 5 TLSp = 3 - 10" m A4|mv
SmTm mu..>__.,__,\ 2 Mmrsp 1 GeV

* Neutralino-chargino and slepton LSP easily leads to displaced yertex:
S =LSP

b 150 GeV \° m 4 velocity in lab
3b) - — 0. _, —2

3 300GeVY' [/ m \° tional i

) — 009 | —2 | additional isolated
(4b) 7, ;¢p = 0.02mm =5 \mzer =00 GV Ao leptons
e Squark LSP decays promptly:
2

3 400GeVY [ 7.5-1073

(2b)  Tp,—psp = 0.03 pm—m—s ( — - g - \o?
3 100GeVY' [ m \°
Tar — =4 _ — ] \?

Am_._uv ‘L —LSE pL 1 — _ww mrsp 1 TeV 0

3 400 GeV' .,

(2D) 7y (ep)—Lsp = 4 pm (0.3 nm) — Ao

mrsp




