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-
The NP Flavour Problem

New Physics flavour effects via a generic effective-theory approach
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Leg=Lsm+ Y 0! (SM fields).
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The NP Flavour Problem

New Physics flavour effects via a generic effective-theory approach

(d)

_ (d)
Lo =Lsn+ Y gy Oi" (SM fields).
Operator Bounds on Ain TeV (c;; = 1) Bounds on ¢;; (A = 1 TeV) Observables
Re Im Re Im
(5p,v"dr)? 9.8 x 102 1.6 x 107 9.0x 10°7  3.4x10? Amp; ek
(5pdr)(5Ldgr) | 1.8 x 10* 3.2 x 10° 6.9x1072 2.6 x 101! Amp; ex
(bryHdr)? 5.1 x 102 9.3 x 102 3.3x 100 1.0 x 10~ © Amp ;i Syrg
(brdr)(brdg) | 1.9 x 103 3.6 x 103 5.6 x 10°7 1.7x1077 | Amp_;Syk
(bry*sp)? 1.1 x 102 7.6 x 107° Amp,
(br s.)(brsr) 3.7 x 102 1.3 x 1075 Amp
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Minimal Flavour Violation in a slide
= With no Yukawa the global flavour symmetry in the quarks sector is

U(g)Q ® U(3)uR ® U(3)dR
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Minimal Flavour Violation in a slide
= With no Yukawa the global flavour symmetry in the quarks sector is

U(?’)Q ® U(3)UR ® U(3)dR

® Minimal Flavour Violation = flavour violation completely determined
by the structure of the ordinary Yukawa couplings.

= SM like CKM suppression in leading AF =2 and AF =1 FCNC
amplitudes:

ASE=2 ey = (Vi Vi) P AT =D (1 + 2722

Operator | Boundon A | Observables
1@y vy iy,Qp)? ‘ 5.9 TeV ‘ €K, Amp , Amp

G. Isidori, Y. Nir and G. Perez; 10
4/12
EEEEE————————————————————————



Flavour and SUSY

In principle SUSY suffers the NP flavour
problem.
There are three main solutions:

® Degeneracy
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Flavour and SUSY

In principle SUSY suffers the NP flavour .
problem.

There are three main solutions: 10000

<

® Degeneracy

1000) H,H*, A

= Alignment

~

>

100

® Hierarchy

Naive heavy squark masses limits

= Hierarchy only
mi, 2 Z 500 TeV

® |nvoking mild assumptions on degeneracy and alignment
mi 2 Z 10 —20TeV
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Our Assumptions
Special role of the top Yukawa coupling
Blending of the three approaches

® Among the squarks, only those that interact with
the Higgs system via the top Yukawa coupling
are significantly lighter than the others.
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on, but not the down-Yukawa couplings, Yy,
there is no flavour transition between the
different families.
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Our Assumptions

Special role of the top Yukawa coupling

Blending of the three approaches

= Among the squarks, only those that interact with ~ ~ 1hierarchy

the Higgs system via the top Yukawa coupling
are significantly lighter than the others.

= With only the up-Yukawa couplings, Y., turned
on, but not the down-Yukawa couplings, Yy,
there is no flavour transition between the = Alignment

different families.\/
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-
Symmetries and consequences

® |f Y; = 0 then the largest flavour global symmetry is

U)g, xU)p, xU1) g, x U(3)ay
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-
Symmetries and consequences

® |f Y; = 0 then the largest flavour global symmetry is
UL)g, xU1)z, xU(1) g, X U(3)ax

® Y, is promoted to a non-dynamical spurion field

u m%, m2 and the A-terms for the charge 2/3 squarks are flavour
diagonal (cause of large separation corrections are negligible).

= On the other hand
m2 =m*(1+aY, Yy
= The only other mass matrix that needs to be diagonalized is the
d-quark mass matrix,

® The flavour lagrangian depends only on the CKM matrix

7/12



The effective lagrangian

® General structure of the AF = 2 effective Lagrangian
LAT=2 o 27698 £ 1, (dpayudrs)? + hec.,

where £ =V, Vi

f }
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o vv v vvvj
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T —
Effective MFV

= Using ;67 =0

9/12



T —
Effective MFV

= Using ;67 =0
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T —
Effective MFV

= Using 26 =0

LAF:Z _ £3A3F:2 + £1A2F:2 _|_£1A2I77:'3:2
® Recalling what happens in MFV, if all FCNC have the form

ASE =2 v = (Vi Vi) 2 ASE =2 s (1 + €272)

we call this effective Minimal Flavour Violation.
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Effective MFV
= Using 26 =0

AF=2 _ pAF=2 | pAF=2 | pAF=2
L =Lsy "+ Ly T+ L

® Recalling what happens in MFV, if all FCNC have the form
ARE =2 rv = (672 AR5 =2 sm (1 + €2772)
we call this effective Minimal Flavour Violation.

® This turns to

LaF=2 ¢2 = Effective MFV
LAF=2 2 = Age>9.8-10%TeV

LA 6 606y = Mgy >1.6-10° TeV
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Results: Lower Bounds
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-
QCD Running

= The L3572

has a peculiar feature. Being
sensitive to two mass scales large logs arise

mp,
o« log —5
my
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QCD Running
= The £3/57% has a peculiar feature. Being
o sensitive to two mass scales large logs arise
=/ 9
10000| CX log %
1000 H,H*, A ) z m%
== , = .
) > = QCD running and integrating out properly

carried in two steps

® | ogs resummation corrects naive
calculation up to ~ 20%.
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Summary

® Minimal Flavour Violation can be compatible
with hierarchical sfermions

B Reasonable bounds on heavy squark
masses in the case of interest

= Proper QCD effects calculation including a
previously neglected effect. Order 20%
change from naive calculation.
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T —
QCD 1

Usual treatment
= |ntegrating out one obtains an effective lagrangian

LAT=2 = Oy (mp)Qy + hec.
with Q1 = Q1 = (@7 Pys®) (@77, Prs?)
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QCD 1

Usual treatment
= |ntegrating out one obtains an effective lagrangian

LAT=2 = Oy (mp)Qy + hec.

with Q1 = Q1 = (@7 Pys®) (@77, Prs?)
= QCD corrections taken into account corrections using ADM

formalism JC
1
=T
dlog i s
Ci(n) = U(p, mp)C1(mp)
CET
| |
Louuuuuuo*‘
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T —
QCD 2

Large Logs and AF = 1 operators

= The £73/57% has a peculiar feature. Being sensitive to two mass
scales large logs arise

2
m

C1 x log —}2‘
my

= The new ingredient is the mixing between AF = 2 and new

AF =1 operators
w
/O%é@:

S
I
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T —
QCD 3

Improved running
® The RGE for C; now has the form
dCl Qg

=2 (yC ds4 C’)} b
dlogp 27 (71 118577010, |
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T —
QCD 3

Improved running
® The RGE for C; now has the form

dCl Qg ( ds ~ A
_— = C 55,1C. ) , b
dlog 1 o v1C1 + &5 Yg1Llyg |
= |n conclusion

as(my)

as(mp)

(Bp)kk = - i% [(zj((;zi)))vk/bo _ (z:((:g)mbol

s = Bag)kk-

~1/bo R
Cu(m) = ( ) Oy (1) + 85331 ABp A Cy ()
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e
Light-Light Case

mH=600 GeV, th=2

800)
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300
. 400
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T —
CKM Matrix

Wolfenstein parametrization

1 — —>\2 — —/\4 A AN (p —in)
1

A+ = A2>\5[ 2(p +in)] )\2 8xl(1 + 4A%) AN?
ANl — (1 — —)\2)( + )] —A)\2 + A)\4[1 —2(p+in)] 1- %AQA‘*

A =0.2257 £ 0.0010, A = 0.814 + 0.022,
p=+40.135T00%, 1= +0.349 £0.017.
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Effective MFV AF =2
® Recalling what happens in MFV, if all FCNC have the form

AF 2|MFV — (V;av;fﬁ)QAAF 2|S (1+€AF:2)
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Effective MFV AF =2
® Recalling what happens in MFV, if all FCNC have the form
AAF 2|MFV _( ?,B)QAAF 2|S (1+€AF:2)

we call this effective Minimal Flavour Violation.
= Using Zifiaﬁ =

AF=2 AF=2 | pAF=2 | pAF=2
L =Ly "+ Ly T+ L

LOF=2 = (695)2(fs3 — 2f31 + 1.1)Q%° + hec.,

LY== (65°) (foz — 2o + f11)Q5 + hec.,
£1A2F:; = 2(£§B§§ﬁ)(f3,2_f3,1‘|‘f1,1_f1,2)Q?ﬁ+h.C.
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Effective MFV AF =2
® Recalling what happens in MFV, if all FCNC have the form
AAF 2|MFV _( ?,B)QAAF 2|S (1+€AF:2)

we call this effective Minimal Flavour Violation.
= Using Zifiaﬁ =

AF=2 _ pAF=2 | pAF=2 | pAF=2
L =Ly "+ Ly T+ L

(553)2 ~ AlO + Z)\IO
L= = (€8 (a3 — 2f31 + FL1)QS + hec, d
(€55)2 ~ A% +a)°
LY = (65°) (foz — 2o + f11)Q5 + hec.,
ds ¢ds 6 6
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T —
Effective MFV

AF =1 case
» Recalling what happens in MFV, if all FCNC have the form

AﬁﬁF:l S| MFV = (‘/ta‘/tﬁ) A AF= 1S|S (1+6AF=1,S)
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AF =1 case
» Recalling what happens in MFV, if all FCNC have the form

AF— AF— -
Aos Yoy = €§BAa,B B lsnr (14 AF=0e)
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Effective MFV

AF =1 case
» Recalling what happens in MFV, if all FCNC have the form

AAF 1S| MEY = €§5A§§:175|SM(1 +€AF:1,S)

we call this effective Minimal Flavour Violation.
= Using ¢ = 0

AF=1 AF=1 AF=1
L = L5357 + L5

where

'C3A1F:1 = 28205’555?0:5( ?ES) - fl )Q(S) + h.c.,

EAF_ -y Ea;ﬁﬁf ( (s) fl(S))Q((lf)‘i‘h-C-
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Effective MFV

AF =1 case
» Recalling what happens in MFV, if all FCNC have the form

AAF 1S| MEY = égﬁAiBF:l,ﬂSM(l +€AF:1,S)

we call this effective Minimal Flavour Violation.
= Using ¢ = 0

AF=1 AF=1 AF=1
L = L5357 + L5

where

j— /—\
LAF=1 = zszaﬁggﬁ( ?E ) _ f1 )Q(s) + h.c., €85 ~ 22 4o

EAF_ -y Ea;ﬁﬁf ( (s) fl(S))Q?SB)‘i‘h-C-
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AF =1 case
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AAF 1S| MEY = égﬁAiBF:l,ﬂSM(l +€AF:1,S)

we call this effective Minimal Flavour Violation.
= Using ¢ = 0

AF=1 AF=1 AF=1
L = L5357 + L5

where
j— /—\
LAF=1 = zszaﬁggﬁ( ?E ) _ f1 )Q(s) + h.c., €85 ~ 22 4o

AF=1 (s) 5~ A2
L5 =X Ea;ﬁﬁf ( f )Q(S) + h.c.

\1/‘
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Effective MFV

AF =1 case

» Recalling what happens in MFV, if all FCNC have the form

AAF 1S| MEY = €§5A§§:175|SM(1 +€AF:1,S)

we call this effective Minimal Flavour Violation.
= Using ¢ = 0

AF=1 AF=1 AF=1
L = L5357 + L5

where
L5 = S Saxspts ﬁm ghs 22 4 0
L5 = 5 Banss? (£ — H)QY + hec. 2"~ X
\—/
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b= sy 500 GeV , tanB=2
m, =500 GeV , tans=2 m;;=500 GeV , tanfi=
1000 F T 1 T T T 1000 F 1 T T T T‘
800 | 800 | \
- - \
g 600 | | g 600 |- ‘lf
& I3
400 - g 400 -
\ \
200} ( 200} ‘\‘
\ | |
100 200 300 400 500 600 100 200 300 400 500 600
my(GeV) my(GeV)

= Process dominated by charged Higgses exchanges. So that for

M+ > 200 GeV

»Aply a very weak constraint on the squarks masses is present.



Less Restrictive 1

= What about less restrictive flavour symmetries?
UL)g, xU1)p, x U(1) g, X U(L)ap, x U(2)ap

I U(1) g, x U(L)ap,
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Less Restrictive 1

= What about less restrictive flavour symmetries?
UL)g, xU1)p, x U(1) g, X U(L)ap, x U(2)ap

I U(1) g, x U(L)ap,

= Now U cannot be transformed away
m?ZR =m*(1 + aY;'Yy),
= The flavour Lagrangian gets extra terms
! — ~ .
ALpo = _ﬁ%d*R UBdp+v2g3d3 YU Gbdp + hec.
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Less Restrictive 2

= We define nj‘ﬁ = UjaU}z and we consider
af _ caB io’
= €j e
= Dominance of left right operators due to stronger bounds

Qu5 = (drsr)(drsg)

= So that in a generic form

2
AS=2,LR o
AL 519y ~ (o, 52772)m—%Q4,5
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Less Restrictive 3

= Forthe symmetry U(1)z x U(1)g, x U(1) 5, x U(1)dp, X U(2)4

1/2
sin ¢3>

= For the symmetry IT?_; U (1) 5, x U(1)ay,

1/2
sin gbg)

R

my, = 450 TeV (‘g

my, > 104 TeV (‘2—2
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Non Standard Susy Spectrum

® \SUSY. This is the NMSSM case with an extra chiral singlet S
coupled in the superpotential to the usual Higgs doublets by
Af = ASH H,, where the upper bound on the lightest scalar is:

2)\2
2 2 2 i 2
mi; < m?%(cos” 26 + ————=sIin 2[3 . 1
h = Z( 2 2 ) ( )

Myax (TeV)
Muax (TeV)
B8

Log, M (Tev)
Left: MSSM, Right:A SUSY
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QCD 2

Large Logs and AF = 1 operators

" The LlAfg:Q has a peculiar feature. Being sensitive to two mass

scales large logs arise

2
m

C1 « log —’2‘
my
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QCD 2

Large Logs and AF = 1 operators

" The L?ffz has a peculiar feature. Being sensitive to two mass
scales large logs arise

2
m

C1 « log —’2‘
my

= The new ingredient is the mixing between AF = 2 and new
AF = 1 operators

Qf = 5“b55 (d PRgb (g“PLs )
Q) = dmeg (dﬂﬁPRnggaPLs )
Q) = fbactﬁa(d Pr®)(GePrs%) .
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