SO(10) SUSY GUTs with family symmetries:
the test of FCNCs

Diego Guadagnoli
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Top-down approach to the MSSM+v
Successful fit to quark & lepton masses, CKM & PMNS matrices

cluding FCNCs: the only way to test the pattern of
SUSY particles’ masses & mixings predicted by the model
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" TheModel )

The model by Dermisek & Raby (DR) is ,) o 5;7;;; ~eeee.
* an SO(10) SUSY GUT “~ PLB(‘O?jkP& Rapy \|
o with an additional D ,X[U(1) XZ,XZ,] family symmetry J Teesalll fD( 00)
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O TheModel )

The model by Dermisek & Raby (DR) is ' D 5
* an SO(10) SUSY GUT . _PLB(gs)
o with an additional D, X[U(1) XZ,XZ,] family symmetry J Teesalll {QD( ‘00)

Why SUSY GUTs )

Tantalizing unification of LEP-measured SM couplings
after MSSM running to high energies.
Maybe just a coincidence. Maybe not.
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ﬁ

The model by Dermisek & Raby (DR) is ,) o 5;7;;; ~ ..ol
* an SO(10) SUSY GUT ' % l;df € Rapy, " "
o with an additional D, X[U(1) XZ,XZ,] family symmetry J £ {el_)c 00)

(Why SUSY GUTY )

Tantalizing unification of LEP-measured SM couplings
after MSSM running to high energies.
Maybe just a coincidence. Maybe not.

(" whysoao) )

% Complete quark-lepton unification: single 16 representation for each family

% Natural inclusion of », in each 16. See-saw mechanism easily incorporated.

* Can explain the pattern of quark/lepton masses and miXings, = = = = = = = = = = -
through family symmetries Rl - Dermzsek & Raby v ‘QOYS !
. . B b - om m . mpm = m et -
or (few) extra fermion multiplets aouy & B N

rr(95) ‘l m‘aﬁ\.;
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y (discrete) family symmetries

J

[X] Global symmetries: are believed not to arise in string theory

Local (i.e. gauge) symmetries: typically enhance FCNCs

e N
- Discrete symmetries M as the remnant of spontaneously broken
can arise e.g. gauge symmetries

M directly from compactifications in
\_ string theory Y,
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y (discrete) family symmetries

J

[X] Global symmetries: are believed not to arise in string theory

[X] Local (i.e. gauge) symmetries: typically enhance FCNCs

e N
- Discrete symmetries M as the remnant of spontaneously broken
can arise e.g. gauge symmetries

M directly from compactifications in
\_ string theory J

ﬁaml y symmetries: “isospin” example )

© We know that in SO(10) the 16, contains the fermions of the i-th generation

Let {16, , 16,} transform as an isospin doublet and 16, as a singlet

@ Then let us introduce:

* “flavon” fields ¢: transform under the “family isospin”, are SO(10) singlets

* Froggatt-Nielsen fields X: transform under the “family isospin”, are 16’s of SO(10)
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. . , Yukawa unification only
© Now one can build up the following interactions: for 3¢ generation formions

[ 161’2~[Higgs] ‘X, 161’2 ‘X, 161,2 ‘P '[Higgs] X, 163'[Higgs] ’163/ J
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© Now one can build up the following interactions:

[ 16,, [Higgs] X , 16,, ¢ X , 16,, ¢ [Higgs] X ,

Yukawa unification only
for 3" generation fermions

16, -[Higgs] ’163/ )

@ One then breaks spontaneously the family symmetry through {(¢)= vev

and integrates out the X, with M ~GUT scale.

Mass terms for, say, quarks are generated through diagrams like:

(¢)  (Higgs)
. qM,q o 7%<Higg8>q

N S >

16 X 16;

|

* FN states implement a sort of
“see-saw’” mechanism to make
quark masses << GUT scale

® Quark mass hierarchies are
understood in terms of the
sequential breaking of the family

\_ symmetry through (¢)= vev Y,
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© Now one can build up the following interactions:

[ 16,, [Higgs] X , 16,, ¢ X , 16,, ¢ [Higgs] X ,

Yukawa unification only
for 3" generation fermions

16, -[Higgs] ’163/ )

@ One then breaks spontaneously the family symmetry through {(¢)= vev

and integrates out the X, with M ~GUT scale.

Mass terms for, say, quarks are generated through diagrams like:

(¢)  (Higgs)
. qM,q o 7%<Higg8>q

N S >

16 X 16;

|

|Z| The DR model realizes the above mechanism with the smallest
(non-Abelian) discrete analogue of “isospin”, i.e. the D, group.

L

With 11 family-symmetry (real) parameters,
it successfully describes
quark & lepton masses and mixings.

* FN states implement a sort of
“see-saw’” mechanism to make
quark masses << GUT scale

® Quark mass hierarchies are
understood in terms of the
sequential breaking of the family

\_ symmetry through (¢)= vev Y,

With a total of 24 parameters
(less than in the SM+v)
the whole MSSM+v parameter space is fixed.
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It 1s worthwhile to perform a more detailed analysis of the DR model.

[% Strategy: perform a global fit to the model parameters,
including FCNCs among the observables in the fit.
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It 1s worthwhile to perform a more detailed analysis of the DR model.

-y, - ’
Strategy: perform a global fit to the model parameters,
/ including FCNCs among the observables in the fit.
One step back: a
how a GUT-scale model is tested at the EW scale. T;ﬁ
Y’s, soft SUSY pars, a,, M,
M -
G
The DR model is specified in terms of /
6'\{&0“%
~ . '{y‘a\ cO“
® coupling and unified scale: «,, M, o
: >
® soft SUSY-breaking params at M, M, T
* textures entering the Yukawa’s at M, |
EW scale +
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It 1s worthwhile to perform a more detailed analysis of the DR model.

D% Strategy: perform a global fit to the model parameters,
including FCNCs among the observables in the fit.

[One step back:

how a GUT-scale model is tested at the EW scale. j

The DR model is specified in terms of
® coupling and unified scale: «,, M,

® soft SUSY-breaking params at M,

* textures entering the Yukawa’s at M, |

® right-handed neutrino masses M,

~

EW scale =

Y’s, soft SUSY pars, a,, M,

/ |

MSSM+RH v RGEs

v

integrate out RH v
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It 1s worthwhile to perform a more detailed analysis of the DR model.

Strategy: perform a global fit to the model parameters,
including FCNCs among the observables in the fit.

g
One step back: va
how a GUT-scale model is tested at the EW scale. 5
Y’s, soft SUSY pars, a,, M,
M -
G
The DR model is specified in terms of . / |
~ g cond MSSM+RH v RGEs

e coupling and unified scale: a,, M, Vs +
* soft SUSY-breaking params at M, - M, T integrate out RH v
® textures entering the Yukawa’s at M ‘

MSSM RGEs
® right-handed neutrino masses M, L
® u-term and tanp at the EW scale 4 integrate out SUSY
g g enter EWSB > EW scale |
........... . SM RGEs
' Compute observables , < ® v
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L4 A
i

A closer look to the strategy

CKM & PMNS
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L4 s
i

A closer look to the strategy

quark masses lepton masses CKM & PMNS

Mt |Vus|
mb(mb) |Vub|
mc(mc) |Vcb|

m, (2GeV) sin2 8
m,(2GeV) sin®20,,
m,(2GeV) sin’2 0,,

sin*20,,
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24 s
i

A closer look to the strategy

quark masses lepton masses CKM & PMNS

Mt |Vus|
mb(mb) |Vub|
mc(mc) |Vcb|

m, (2GeV) sin2 8
m,(2GeV) sin®20,,
m,(2GeV) sin’2 0,,

sin*20,,

ables O, enter a X* function, defined as
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scale

[ Detailed chart of the fitting procedure ]

Variation of:

* soft SUSY
{Y’s, soft SUSY pars, ., M, } SO pars -«

* textures
Set initial conditions: A
[all but m, , m,,

.MG’a,G’€3

L MSSM+RH v RGEs

Integrate out v, I

MSSM RGEs

Get all MSSM pars:
{Y’s, soft SUSY pars, a,, M }

v

Compute:
* SUSY spectrum Variation of:
* EWSB conditions < m, ,m, ,M,tanf &
[including one-loop corr. [obtain correct EWSB]
to masses and mixings]

L SM RGEs

Compute: I I

Evaluate X? function i

e FCNC observables I
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“ !lLIll’l \C&L.I'GS ’

L The DR model is characterized by tanf~50 because of SO(10).
Hence all the FCNC observables need be computed in the MSSM at large tanp.

D.Guadagnoli, EuroflavourQ7, November 14 — 16, 2007



m Main features ’

L The DR model is characterized by tanf~50 because of SO(10).
Hence all the FCNC observables need be computed in the MSSM at large tanp.

For large tanp (and sizable A ),

dominated by double penguins
with neutral Higgses

(Old) upper bound from CDF

BR[B,—u ], < 1.0x107

-

LT £
V'
KD, HY, A < 7 : Enhancement going as:
- - = I 6
. ' ) tan
tan?d e d . BR [BS N “+ “ ] o A?
; M

4
) A
~

“ s EEmm

L

Mﬂi M > 4 5 O GGV Generic bounfi valid for all
ﬂé A the heavy Higgs masses

)
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m Main features ,

L The DR model is characterized by tanf~50 because of SO(10).
Hence all the FCNC observables need be computed in the MSSM at large tanp.

|I_llli. {

For large tanB (and sizable A t)’ AD O 4D — : Enhancement going as: :

. . —_ — = Jill| 1
d(?mlnated by flouble penguins - - i . By a r tan® B :
with neutral Higgses I sTOH K AT
- i ' A 4

(Old) upper bound from CDF
Generic bound valid for all
+ . -7 ([N
BR [Bs_’lJ H ]exp < 1.0X10 ﬂ% MA > 430 GeV ( the heavy Higgs masses )
=

7 4 . . . . * 'Y
Again, double penguin \’/ other external b, 1 Suppression going as: I
dominance o o ' Chiralities E mm. . tan*p .

s

b o Within the DR model,
typical corrections to AM_do not exceed —5%
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@ il

BR[E_’XSY]eE?;leeV = (3.55+0.26)x10"* { HFAG average |

BR[B-X y[M | o = (315%20.23)x10* { Misiak et al, PRL ‘07 } must be “SM-like”
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@ il

BR[E_’XSY]E?;MGW = (3.55+0.26)x10"* { HFAG average |

BR[B—X,y[i" qeev = (3.15+0.23)x107"  { Misiak er al., PRL 07 | must be “SM-like”

(Very rough b =5 y formula )

o Gi“ X . , s 0 , Subleading corr’s &
I''B-X,y| ~ —e';n'|VtSth| mb(|C§ (p)|° + ) contrib’s negligible
32T in the DR model
. eff _ eff
with  C7 (1) = Cogulm,) + C;prlny)

rIn order to end up with a “SM-like” prediction, \
one must have either

C7,DR(“b) < C;,ng(l’lb)

or

\ C7,DR(Ub) ~ _2C;,ng(“b) /
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- sy J

BR[B—=X y|3% sy = (3.55+0.26)X 10°* { HFAG average }

B forb —s y
BR|B— X, y]zlji Lecey = (3.15£0.23)x10*  { Misiak et al., PRL ‘07 } must be “SM-like”

(Very rough b 5 y formula )

o G% o . . Subleading corr’s &
I''B-X,y| ~ F—e'4m V. th|2m2(|C§ff(u,,)|2 + ) contrib’s negligible
32m in the DR model
. eff _ eff
with €5 (k) = Cogulmy) + C;peluy)
(In order to end up with a “SM-like” prediction, \ N
one must have either Notes

off * This solution is highly conspired

C < C
7’DR(“b ) 7 swa(H5) e SUSY is here not a “correction” to the SM result

or * The theoretical control on the SUSY part should
. / then be at least as good as in the SM
C7’DR(ub) ~ 2 C7>SM(IJZ’) * In absence of it, we find e.g. a strong
\ sensitivity to the SUSY matching scale )

\
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W BRI5 x| feontinied]

e 2

Within the DR model, dominant NP contributions are
from charginos and Higgses. Gluinos play a minor role.

\CZDR(ub) ~ Cy (k) + C7 (w,) + small J
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L&

Main features:

Within the DR model, dominant NP contributions are
from charginos and Higgses. Gluinos play a minor role.

\C7,DR<Ub) = C;T(Ilb) + Cé_f(l*lb) + small

\

/

)
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B R[5l feoniued]

e D

Within the DR model, dominant NP contributions are
from charginos and Higgses. Gluinos play a minor role.

\C7,DR(Ub) = C?(“b) + C;f(l*lb) + small Y,

Main features:

k /
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B R[5l feoniued]

LN D

Within the DR model, dominant NP contributions are
from charginos and Higgses. Gluinos play a minor role.

\C7,DR(Ub) = C;f(llb) + C;f(l*lb) + small Y,

Main features:

can be very large. As a matter of fact: H X total

u- Az<0 . prefers” the | H
fine-tuned case:
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s oo (1+2§)(|€:gff(§)|2 + |C

eff
10

() + 4 1+ |lCs"P +.12CS"Re(CE7(3))

~
-~ -
-----
L

BaBar & Belle average

SM Cf»—C

— R is ,
10°XBR[B— X "I = 1604051 1572016 3302025 )~ ===2RLogs

exp

D.Guadagnoli, EuroflavourQ7, November 14 — 16, 2007



(4 D N ~ e N ~ e A e . e ~e A “
T oc (1428)[|C (5P + [C5H(S)P) + 4 1+5 |CSTF 4+, 125 Re(C5(3))
eff eff 3-.'~.
BaBar & Belle average SM C, »—C; ! Gampy = = =
6 5 + 7-7low —5§ * ~ iSjak’ PRLaI‘SCh
10°XBR[B-> X I'Ion™° = 1.60£0.51  1.57+0.16  3.30£0.25 )~ ==-.Rl 05

L

eff 3

-12 -8 -6 -3 0 3
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BaBar & Belle average

SM CT——C

10°XBR[B— X I'T]

low—S§ __

exp

1.60=0.51

1.57+0.16

> The sign of C

= e
10,MF

15

12

°ff {s the same as in the SM,

= B
CI.III.NF‘

i = = = E O I N = = W ~
|' Gambino, Haisch, ‘
" Misiak, PRL ‘05 ’

..‘-------’

q
' AI] Lung 1 o~

S
\~ HIHeI- PR GZGZUb :

-12
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Some “reference” fits
To fit m,, a cancellation between 5 Helped by

univ. scalar term m,, = 4 TeV, these terms is required: |A,[>m1 A, ~=2m,
univ. trilinear A, ~ -2 m,_,
u>0
r N\
The solution A, ~ —2 m__ helps x_m, AA
] = = p m,(M,) = m)'|1 + ptanp|=——=% ——| + Amy®
3" generation Yukawa unification 31 m; 161" m;
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Some “reference” fits

univ. scalar term m,, =4 TeV,
univ. trilinear A, ~ -2 m__,
u>0

The solution A, ~ -2 m, helps
3" generation Yukawa unification

The solution AO ~—2 m, leads also

to inverted mass hierarchy:

these terms is required: |Az|> mg

To fit m,, a cancellation between 5 Helped by

AON—ZmM

' Y
2x. m. A2 A
— (0) N g 1 t log
= m,'|l + putanB|———= — | + Am
b ptan p 31 mi 16 17 mf b
‘ E B N I I I = =E = N = E . .‘
¢ Blazek, Dermisek, Raby,
7 << ml; 1 ‘ Y> s
PRL & PRD (°02)
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univ. scalar term m,, =4 TeV,
univ. trilinear A, ~ -2 m,_,
u>0

The solution A, ~ —2 m,_ helps

3" generation Yukawa unification

The solution A, ~ -2 m, _ leads also

to inverted mass hierarchy:

-
This solution prefers C, = — 2 C V.

Imposing C, > 0, one has:

B — u* p implies M, 2 450 GeV

-

b — s y 1is chargino dominated

\_

~

J

To fit m,, a cancellation between 5 Helped by

these terms is required: |A,|>m D A, ~=2m,
r N\
. m, AA
m,(M,) = m|1 + ptanp|=——= ——| + Amy®
m; 16" m;
‘ ------------- gy
m- << m Blazek, Dermisek, Raby, ‘.
t b PRL & PRD (‘02)
~ ------------- -
17
05 |
6C g I
ey =
0.5
-1
CSM H 3t f B SM4NP

x
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Bl : To fit m,, a cancellation between 5 Helped by
univ. scalar term m, =4 TeV, these terms is required: |A,|>m; Ay~-2m,
univ. trilinear A, ~ -2 m,_,
u>0

r N\
The solution A, ~ —2 m,_ helps 200, m, A2 A
= oo m,(M,) = my'|1 + ptanp|=—=—% ——| + Amy®
3" generation Yukawa unification my lemtm
Th-e solution A, i 2m,, leads also 1 << M- ! Blazek, Dermisck, Raby, |
to inverted mass hierarchy: t b PRL & PRD (‘02)
[ J I =
4 s =
This solution prefers C, = — 2 C V.
Imposing C, > 0, one has: 0.5 |
7 b
4 Only way—out:\
G ] | decoupling
5nd | |
B — u* y implies M, 2 450 GeV i
- >
Q _Uj N S <
b —s y is chargino dominated &
3 3 CSMOH gt P § SM4NP
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Some “reference” fits: continued

m,=4TeV, uz0
Al # 2m

In this case one has NO
inverted mass hierarchy:

One typically finds solutions with
both mj;, My heavy, and A small

Easy to fit m, since in this case
these two terms are both small

~,

4 N\

%ﬁ + L L
3 2 2 2
™ mj; 16" m;

my,(M,) = m|1 + ptanp + Amp®
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Some “reference” fits: continued

m,=4TeV, uz0

Al # 2m,, , L
Easy to fit m,, since in this case

these two terms are both small

In this case one has NO
inverted mass hierarchy:

'd N\
One typically finds solutions with m,(M,) = m*[1 + utanB 3_£2g n 52_; b Am
both m;, m; heavy, and A small Tmy  1emtm;
Now b — s y is OK g5 DButtypical _’Z’Z?-z-'@ T?K

masses are ‘: M ,>15TeV

In this case EWSB finds
generically very large masses
for heavy Higgses
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Fit strategy:
The Big Picture choose m, €[4,10] TeV, then let the fit | Dictionary

determine the other param’s. m,; = univ. soft scalar term

A ) = univ. trilinear term

Benchmark Cases

Fit Details Remarks sign(C,) m; [GeV] b—sy b-osll
m,=4TeV, u>0 Ir}verted mass ~_ (M > OK 30 too large
0 hierarchy (IMH) C7 C7 =400 [Gambino et al. ]

AON—2ml6
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The Big Picture

Fit Details

m16=4TeV, u>0
AON—2ml6

m,=4TeV, u>0
AON_zmlé

Fit strategy:
choose m,, €[4,10] TeV, then let the fit

determine the other param’s.

Dictionary
m, = univ. soft scalar term

A ) = univ. trilinear term

Benchmark Cases

Remarks sign(C,) m; [GeV] b—sy b-osll
Inverted mass 30 too large

: ~ _ (M > OK
hierarchy (IMH) C7 C7 =400 [Gambino et al. ]
Like ©, but
forcing C, > 0 C, =0+ > 600 50 too low OK

D.Guadagnoli, EuroflavourQ7, November 14 — 16, 2007



The Big Picture

Fit Details

m16=4TeV, u>0

AON—2ml6

m,=4TeV, u>0

AON—2m16

m,=6TeV, u>0

A0~—2m16

Fit strategy:
choose m,, €[4,10] TeV, then let the fit

determine the other param’s.

Dictionary
m, = univ. soft scalar term

A ) = univ. trilinear term

Benchmark Cases

Remarks sign(C,) m; [GeV] b—sy b-osll
piernchy (MH)  C =G 2400 0K Gambino et o,
E)ifceing ’Cb7 u; 0 C, =0+ > 600 50 too low OK
Like @, but try C,>0 > 1200 23ctolow  OK

Increase m P
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The Big Picture

Fit Details

m, =4TeV,

AON—2m16

m,=4TeV,

AON—2m16

m,=6TeV,
A ~-2m

0 16

m,=4TeV,
AO F -2 m,,

u>0

u>0

u>0

u<0

Fit strategy:
choose m, €[4,10] TeV, then let the fit | Dictionary

determine the other param’s. m,; = univ. soft scalar term
A, = univ. trilinear term

Benchmark Cases

Remarks sign(C,) m; [GeV] b—sy b-osll
piernchy (MH)  C =G 2400 0K Gambino e
E)ifceing ’Cb7 u; 0 C, =0+ > 600 50 too low OK
Like @, but try C,>0 > 1200 230tolow  OK
1mcrease mm
NoIMH: 1Al <2m, c,> 0 > 2600 OK OK

= small At
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The Big Picture

Fit Details

m, =4TeV,

AON—2m16

m,=4TeV,

AON—2m16

m,=6TeV,

A0~—2m16

m,=4TeV,
AO F -2 m,,

m,=6TeV, u>0

AO;é—ZmM

u>0

u>0

u>0

u<O0

Fit strategy:
choose m, €[4,10] TeV, then let the fit | Dictionary

determine the other param’s. m,; = univ. soft scalar term
A, = univ. trilinear term

Benchmark Cases

Remarks sign(C) m; [GeV] b—osy bosll
Inverted mass 30 too large
. ~_(CM > OK
hierarchy (IMH) C7 C7 =400 [Gambino et al. ]
Like ©, but
forcing C, > 0 C, =0+ > 600 50 too low OK
Like @, but t
e =, DUttty C,>0 > 1200 2.30 too low OK
increase m,,
NoIMH: IA|<2m
0 o C >0 > 2600 OK OK
= small A, 7
Like @, but u > 0:
e L C,>0 > 2300 OK OK
requires larger m
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ub 17 = “too small” display the problem
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wnicn 1S Somenow

DR| -3
V. 1=3.26X10 “too small”

The B, — 7 v mode is a way to

display the problem

The B, — 7 v decay is affected by a

large error due to the poor knowledge >

of Fo~Fp

/

\
One considers one of the “Ikado’ ratios
BR [B LTV ]SM with reduced hadronic
SM ncertainties [mostly B
TB+AMd’S u inties | i Bd]/
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|Vf§|23.26X10_3 w 15:‘ is some”ow T. e B, » 7 vmode is a way to
too small display the problem
emmEmEm== .
T Inthe SM
o m -
. 4 . . )
The B, — 7 v decay is affected by a One considers one of the “Tkado” ratios
lafrg;erro?lue toltelpoedinemlcdzs > BR|[B,— TV, with reduced hadronic
0 ~Fp M - -
B _ s AMM uncertainties [mostly By ]/

3 — -3
Correspondingly, one predicts | 10*xXBR(B,—TVv)gy, = DLl Wlth|Vub|UTﬁt_3'66<15)X1(33
1.31+0.23 , WithIVub| =4.49(33)x10

incl

versus 10°<BR(B,—Tv),, = 1.31+0.48 Belle & BaBar average

exp
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“too small”

|V |~ 396%10"> which 1s somehow —> The B, — 7 v mode is a way to

display the problem

- N
The B, — 7 v decay is affected by a One considers one of the “Ikado” ratios
lafrg(; error;m to the poor knowledge > BR[B, =T V], with reduced hadronic
(0} R B, SM .. 1 E
B _ s AM uncertainties [mostly B, ]/
g _ =35
Correspondingly, one predicts | 10*xBR(B,—>7v)y, = 0.87£0.11 ,  With|V ;|5 =3.66(15)X 1(33
131+0.23 , with|V | ,=4.49(33)x10
Versus 0'XBR(B,—TV),, = 1.31+0.48 Belle & BaBar average
PR R = / . \
In the DR model i Suppression:
- ’ Hou Akeroyd+Recksiegel;
131dor1+Paradlsl

further
suppression
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" Conclusions

This test is accomplished through a global fit, with FCNCs appearing directly in the X? function.

FCNC:s offer a unique probe to the SUSY mass spectrum predicted by the model.
They turn out into a discriminating test for the model itself.
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" Conclusions

i“ quark FCNC data.
This test is accomplished through a global fit, with FCNCs appearing directly in the X? function.

IZI FCNC:s offer a unique probe to the SUSY mass spectrum predicted by the model.
They turn out into a discriminating test for the model itself.

Outlook

irrespective of the choice of the light-flavors’ mechanism (family symmetry, ...)

|ZI Work in progress in this direction. See David Straub’s talk.
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