Probing NP with tau LFV and
EDM measurements

Workshop on 7-charm at high luminosity.
La Biodola, 2/7-31/05/2013




FLAVOUR PROBLEM

1.- All flavour observables consistent with a Yukawa
description of flavour in SM.
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1.- All flavour observables consistent with a Yukawa
description of flavour in SM.

2.- 22 incoherent flavour parameters to be fitted
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FLAVOUR PROBLEM

1.- All flavour observables consistent with a Yukawa
description of flavour in SM.

2.- 22 incoherent flavour parameters to be fitted
(6+6+4+6)

3.- Most of the observable parameters already
known at better than per cent level

Still, lots of work needed!! |
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Standard Model I

All Observed Flavour Changing Neutral Currents can be
accomodated in Yukawa couplings:

Ly = HQYjd; + H"Q;Y}u

Only masses and CKM mixings, Vokw, observable...

— a) what is the origin of the Yukawa structures??
) why is there a CP-violating phase in CKM??

‘ New flavour observables needed !! l




Standard Model I

All Observed Flavour Changing Neutral Currents can be
accomodated in Yukawa couplings:

Ly = HQYjd; + H"Q;Y}u

Only masses and CKM mixings, Veokw . Observable...

— a) what is the origin of the Yukawa structures??
) why is there a CP-violating phase in CKM??

‘ New flavour observables needed !! l

‘ New Physics I

New flavour structures generically present —> measure of
new olbservables provides new information on flavour origin...
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‘ SUSY Flavour (and CP) problems I

Soft masses fixed by ms /5. O(ms,2) €elements in soft matrices.

—> | Severe FCNC problem !l

CP broken, we can expect all complex paramaters have
O(1) phases. = | Too large EDMs Il!




‘ SUSY Flavour (and CP) problems I

Soft masses fixed by ms /5. O(ms,2) €elements in soft matrices.

—> | Severe FCNC problem !l

CP broken, we can expect all complex paramaters have
O(1) phases. = | Too large EDMs Il!

| SM Flavour and CPI

Fermion masses fixed by My, . If O(1) elements in Yukawa
matrices and O(1) phases

s Impossible reproduce masses, mixings

and CP observables !l

6-A



FLAVOURED NEW PHYSICS

‘ 2 Higgs Doublet Models I

e Four possible Yukawa matrices. —> Large FCNC.

e Discrete symmetry (type |, type II) to forbid FCNC. —>
No connection with structure of flavour matrices.

e Alignment of Yukawa maftrices —> ad hoc requirement, no
connection with struct. of flavour matrices.

e Flavour symmmetry fixes Yukawa structures —> Yukawa
couplings fo the same quark quasi-aligned.
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FLAVOURED NEW PHYSICS

‘ 2 Higgs Doublet Models I

e Four possible Yukawa matrices. —> Large FCNC.

e Discrete symmetry (type I, type I) to forbid FCNC., —
No connection with structure of flavour matrices.

e Alignment of Yukawa maftrices —> ad hoc requirement, no
connection with struct. of flavour matrices.

e Flavour symmmetry fixes Yukawa structures —> Yukawa
couplings fo the same quark quasi-aligned.

‘ Supersymmetry I

e Five sfermion mass matrices and Three trilinear matrices
:> Lots of new observables to understand flavour.

FLAVOURED NEW PHYSICS
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COMPLEMENTARITY LHC-FLAVOUR

LHC bounds: No excess over SM expected backgrouds

—> Bounds on masses and couplings: gluinos and
Ist generation squarks > 1 TeV.
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COMPLEMENTARITY LHC-FLAVOUR

LHC bounds: No excess over SM expected backgrouds

—> Bounds on masses and couplings: gluinos and
Ist generation squarks > 1 TeV.

EW production: Direct limifs on chargino and slepton masses
— EW production chargino/neutralino and slepton. M > 300

GeV
ATLAS-CONF-2013-049, CMS PAS SUS-12-022
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— Flavour information at difficult at ATLAS & CMS. Only
gaugino and sfermion masses and main decay channels

— FC experiments, LHCb, SuperB fact., --charm fact. ...
necessary to measure flavour couplings.

COMPLEMENTARITY LHC-FLAVOUR



— Flavour information at difficult at ATLAS & CMS. Only
gaugino and sfermion masses and main decay channels

— FC experiments, LHCb, SuperB fact., --charm fact. ...
necessary to measure flavour couplings.

LHC—-Flavour fact. Feedback:
1. LHC measures squark, gluino, neutralino mass scale

2. With this information Flavour factories determine tan 8
and mixings

3. These parameters help reanalyze LHC data

4. ...

COMPLEMENTARITY LHC-FLAVOUR
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M| CONSTRAINTS

tan 8 = 10, m; =400 GeV, M, =150 GeV.

65 T — ey T —eee T — et

LL 0.15 — -

RR - E .
LR/RL 0.04 0.5 -

8ha T — Uy T — UM T — uee

LL 0.12 - -

RR - - -
LR/RL 0.03 - 0.5

BR(r =+ e7)<1.2 x 1078, BR(r —w epnp) <2. x 1077,
BR(T — ) <4.8 x 1078, BR(T — ppp) <2 x 1077

M| CONSTRAINTS
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7=-CHARM PHYSICS

e 3rd generatfion (Yukawa) couplings larger, =
sizeable effects possible

e IMmportance of polarization —
Decay of a polarized r. Access to different (LFV)

couplings.

—> LFV decays: 7 — uy, 7 — .

—> CP violation. r Electric Dipole Moment (and also AMM)

T -CHARM PHYSICS
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FLAVOUR SYMMETRIES IN SUSY

o \Very different elements in Yukawas: vy, ~ 1, y, ~ 107°
e Expect couplings in a “fundamental” theory O(1)

e SMall couplings generated at higher order or function of
small vevs.

e Froggaft-Nielsen mechanism and flavour symmmetry to
understand small Yukawa elements. Example: U(1)

(0)Q=-1
X
H
Y Y ¢ ()
Vri W ij = Yij = (W) <1
> «—> <
Q=1 M Q=0

FLAVOUR SYMMETRIES IN SUSY
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e Flavour symmmetry fo understand
masses and mixings in Yukawas.

e Yukawas forbidden by symmetry,
generated only affer Spontaneous

symmetry Breaking.
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e Flavour symmmetry fo understand
masses and mixings in Yukawas.

e Yukawas forbidden by symmetry,
generated only affer Spontaneous

symmetry Breaking.

e Unbroken symmetry applies
pboth to fermion and sfermions.
e Diagonal soff masses allowed
by symmetry.

e Nonuniversality in soft terms

proportional fo symm. breaking.
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e Flavour symmmetry fo understand
masses and mixings in Yukawas.

e Yukawas forbidden by symmetry,
generated only affer Spontaneous

symmetry Breaking.

J

e Unbroken symmetry applies
pboth to fermion and sfermions.
e Diagonal soff masses allowed
by symmetry.

e Nonuniversality in soft terms

proportional fo symm. breaking.

We can relate the structure in Yukawa matrices to

the nonuniversality in Soft Breaking masses !l

FLAVOUR SYMMETRIES IN SUSY
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‘ Symmetric texture I

e Non-Abelian flavour symmetries.

0 1.5 &3 0.4 &°
yde = 1.5¢° Y 2 1.3% & Yb
0.4 13X &7 1

e Universal sfermion masses in

iN unbroken limift: b
L2 =mi®T® =m3 (1 ¢p2 ¢3)* ( P2 )

e After sysmmeftry breaking:

1+¢&° g3 0
WS 2 1422 2 m2
0 g2 14+¢

‘Asymme’rric tfexture I

e Abelian flavour symmetries.

et g £°
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e 1 1

e In principle nonuniversal masses
iIN unbroken symmetry:

L2 =mi ¢io1 + m3 P5da +m3 ¢33

e Affer symmmeftry breaking:
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LEPTON FLAVOUR VIOLATION

Off-diagonal entries in slepton masses generate LFV processes:

3mas | (67)ij puMstan 8 ’

LEPTON FLAVOUR VIOLATION
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LEPTON FLAVOUR VIOLATION

Off-diagonal entries in slepton masses generate LFV processes:

- 371'0(% ((Sf)ij M tan 5 ’
BR(l; — Ijv) =~ GZ. mlg I(LMQQ—,LLQ) Fyr(az,b)
tan3 =10, Ag =0 tan 8 = 10, Ag = mo
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Brown(light):Present (fut.) u — ey, Green (light): Present (fut.) = — u-.
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FLAVOURED EDMs

— SUSY EDMs in presence of flavour-blind phases (y,,, ¢ 4) directly
proportional to lepton masses,

—aemgtan 8 IM[Ms p] A(ri) — A(ra)

47t sin? Oy m% m?,. —m?,
e X1 X2

— JSill, if ¢, o4 = 0, contributions fo EDMs from offdiagonal
elements in sfermion masses:

de X (5EL)172(52R)%'1 f1+ (52}2)17:(516%}%)@‘1 fa + (5EL)1z‘(5iR)ij(5ze%R)jlf3
— In 2HdM d; proportional to three masses and mixings

d; o< my m% |Ki)? f

! ~
d, =~

Three leptonic EDMs must be measured
independently to discriminate the sourcelll
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DECAY OF POLARIZED 7

P.:

_ 8GF s g — Qugi Y (s)
PO, P = — Re{ZV vV x
2 ) 4 2o { 1+ Q2Y(s) J

- 1Pl e cost cos
N 2 Pe .
(gA pY T49a 1+ cos? 6 i 1+ cos? 6

— Large 7 polarization can be used to measure (or constrain)
different Ml through angular distrib.

AY = %ﬁ A(xq)+B(xq)tan 8 ) + o ﬁ M C(zq)
L A mlg “ “ A mlg mi, @
- 54 5 M
ij 91 ]°RR / / LR 1 /

Ay = ym [m? (A (zq) + tan B (xa)) -+ mlg (mlz) C'(xa) | ,

— 7 polarized, P, ., in the presence of initial beam polarization,

DECAY OF POLARIZED T
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‘ Conclusions l

-Charm factory necessary
to solve the flavour problem.

-

e New colorLR flavour structures provide valuable information on
origin of flavour

e LFV processes, = — uvy, 7 — lll, constrain 3rd generation
couplings.

e Ratios of leptonic EDMs depend on flavour structures and new
physics model.

e Beam polarization: new tool 1o be explored.

e LFV and EDMs can explore large areas of flavour MSSM.
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