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ication and the Flavour puzzle

Unification of Forces:
Explain the origin of SM gauge

String structure: but which symmetry
11018 theory? breaking down to the SM?
Unified description of SM fermions:
% Grand Unification D R a single SO(10)
Q ' SM fermions ! representation:
510" | + Y
O \. RH neutrinos |
+100
&
N
&,

SU(g)CXSU(Q)LXU(l)Y
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Gad Unifiaio and he Ivor uzze

Why this peculiar structure of the Yukawa couplings?

*Charged Fermions *Neutrinos
Ty 2 T S0 B a0y my, < O(eV)

Mg :Ms:mp =& A\ 2 2

AS =My — My,

; : AUl NS N T
me . m’u . mT Y A . A . AA :‘mES_mz2}

*Quark sector *Lepton sector

Esae o 0.8 0.5 0.2
W e il e Upnns| ~ | 0.5 0.6 0.6

e | 0.3 0.6 0.7

SO(10) GUT: which advantages?

[Minkowski (1977), Yanagida (1979), Gell-Mann,Ramond, Slansky (1979), Mohapatra and Senjanovic (1980)]

[Georgi-Glashow (1974)]
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Gad Unifiaio and he Ivor uzze

Why this peculiar structure of the Yukawa couplings?

*Charged Fermions *Neutrinos
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*Quark sector *Lepton sector

Esae o 0.8 0.5 0.2
W e il e Upnns| ~ | 0.5 0.6 0.6

e | 0.3 0.6 0.7

SO(10) GUT: which advantages?

- RH neutrinos, natural implementation of (type |) See-Saw mechanism
[Minkowski (1977), Yanagida (1979), Gell-Mann,Ramond, Slansky (1979), Mohapatra and Senjanovic (1980)]

- Embedding SU(5) € SO(10): explain similar hierarchy in down quarks
and charged leptons [Georgi-Glashow (1974)]
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Grand Unification and the Flavour puzzle

SO(10) GUT: which disadvantages?
Structure of the Yukawa couplings: y{{) 16,1610 +-..

3 possible Higgs representations

16 x 16 = 10 + 120 + 126 |
* No minimal coupling
quarks and leptons);

- Large representations;

 Lots of parameters,
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Grand Unification and the

SO(10) GUT: which disadvantages?
Structure of the Yukawa couplings: y{{) 16,1610 +-..

16 x 16 =10 + 120 + 3 possible Higgs representations

- No minimal coupling is possible (more then one Higgs, necessary to distinguish
quarks and leptons);

- Large representations; Doublet-Triplet splitting problem;

. ots of parameters, hierarchical and fine-tuned (as much as in the SM) 4

{ Are ANARCHICAL (O(1) Yukawas allowed? ]
|
[ Can any mechanism ORDER the }

parameters and create the hierarchies?
|

Is this compatible with unified
description of fermions in SO(10)?
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Anarch and order interla: the basic idea

Hierarchical Anarchical

A 0(1)

Fo1 < Foa < Fp3
Ful < Fu2 < Fu3
Fa S Fao S Fus

Fr1 =~ Fro = Frs
Fo1 < Foo <K Fg

[Kawamura, (2001
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Anarch and order interla: the basic idea

Hierarchical Anarchical “Ordering”

A 0(1)

Which mechanism
i can generate these
‘ hierarchies ?

01 K Foa < F .
_'; Ful <Fu2 <Fu3 '.
Blas B~ o

| Fr1 = Frs = Fi3 :
‘; Fel < Fe2 < FeS i~

[Kawamura, (2001
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Anarchy and order.interplay: the basic idea

Hierarchical Anarchical

“Ordering”
A O(1)

Which mechanism
i can generate these

A S e hierarchies ?

FQl < FQQ < FQS i

'; Ful < Fu2 = Fu3 " e

j"t- Fa 5 Fao 5 Fas ?’i

Froggatt-Nielsen
charges: G;=U(l)pn

| Fry = Fro = Frs |
‘; Fel < Fe2 < FeS ~

[Kawamura, (2001
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Hierarchical Anarchical

“Ordering”
O(1)

Which mechanism
i can generate these

A S e hierarchies ?

[ o1 < Fgo < Fsl

Fu1<Fu2<Fu3 |

Pl B

Froggatt-Nielsen
charges: G;=U(l)pn

Fri1~ Fro =~ Fi3 «._ Extra dimension (ED):

e an e o " different localisation
e A e R of fermions
Higgs
P Top
0 Y L
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Anarchy and order.interplay: the basic idea

Hierarchical Anarchical

“Ordering”
O(1)

V\E,.) [Far < Fg2 < Fos)
EF dc ﬁ;_ Fij1 < Fyo < Fy3

} | Fri = Fro = Fps |«
L R

| . of fermions

SO(1 0), N=1 Up

Which mechanism
i can generate these
| hierarchies ?

Froggatt-Nielsen
charges: G;=U(l)pn

' Extra dimension (ED):
‘ F.i € F.o K F_3 1 different localisation

Higgs

Top

[Kawamura, (2001 [Kitano, Li (2004)] [Feruglio, Patel, DV (2014)]
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Anarchy and order.interplay: the basic idea

Hierarchical Anarchical

“Ordering”
O(1)

Which mechanism
i can generate these

A S e hierarchies ?

Fo1 < Foa < Fp3 *;

'; Ful <Fu2 <Fu3 |

Fa S Fae S Fas

Froggatt-Nielsen
charges: G;=U(l)pn

Fri = Fro = Fp3 . .-’Extra dimension (ED): |
e i, < By

2 .' different localisation

| . of fermions

' Higgs

New mechanisms of Combined :
symmetry breaking .. S0(10), N=1 SUSY/ : Top
0 Y L |

[Kawamura, (2001 [Kitano, Li (2004)] [Feruglio, Patel, DV (2014)]
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Anarchy and order interplay: the basic idea

Hierarchical Anarchical

“Ordering”
A O)

Which mechanism
i can generate these

A S e hierarchies ?

FQl < FQQ <K FQg :

.'; Ful <Fu2 <Fu3 |

EEa s B

Froggatt-Nielsen
charges: G;=U(l)pn

Fri1 =~ Fro~ Fp3 . Extra dimension (ED):  -,~
 Fo1 K Fog < Fe3

2 .' different localisation

| . of fermions
' Higgs
New mechanisms of “~ Combined :
symmetry breaking .. SO(10), N=1 SUSY : Top
Solution to ity = |
Doublet-Triplet 0 Y L
splitting problem i
[Kawamura, (2001)] [Kitano, Li (2004)] [Feruglio, Patel, DV (2014)]
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Anarchy and order.interplay: the basic idea

Hierarchical Anarchical

“Ordering”
O(1)

Which mechanism
i can generate these

A S e hierarchies ?

Fo1 < Foa < Fp3 *;

'; Ful <Fu2 <Fu3 |

Fa S Fae S Fas

Froggatt-Nielsen
charges: G;=U(l)pn

Fri = Fro = Fp3 . .-’Extra dimension (ED): |
e i, < By

2 .' different localisation

| . of fermions

' Higgs

New mechanisms of Combined with :
symmetry breaking .. S0O(10), N=1 SUSY/ : Top
Solution to St = |
Doublet-Triplet = : e
splitting problem More predictive model . y L
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A 5D SOO SUSY model: comactification

e Kaluza-Klein expansion: for each field propagating in the ED

Profile in the n=0 mode describes the
extra dimension massless particle (MSSM field)

« Extra dimension compactified on Orbifold: 1 [(Zo X Z5) with flat metric

TR/ All the fields in ED are defined
: R e in the fundamental interval:
of < 7R m % Z Mgur
0 Y TR 6
/ / / DN ~ 10*° GeV
o Y 7 Y

with assigned parities (P P’)

° —_ /: -
421y &y y=y-mh/2 under Z, x Z,

[Pomarol, Quiros (1998), [Pati Salam (1974),
Arkani-Hamed et al. (2002)] Kawamura, (2001)]
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e Kaluza-Klein expansion: for each field propagating in the ED

Ly, Profile in the n=0 mode describes the
extra dimension massless particle (MSSM field)

« Extra dimension compactified on Orbifold: 1 [(Zo X Z5) with flat metric

mE/2 All the fields in ED are defined
: R A in the fundamental interval:
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) 7
5y =y
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e Kaluza-Klein expansion: for each field propagating in the ED

Profile in the n=0 mode describes the
extra dimension massless particle (MSSM field)

« Extra dimension compactified on Orbifold: 1 [(Zo X Z5) with flat metric

mE/2 All the fields in ED are defined
: R e in the fundamental interval:
ol -
0 7
5y =y

with assigned parities ,
under Z, x Z,

- Vais..h'inAof'm’e Ardfiles: o
\ in the bulk or in one of the two branes

[Pomarol, Quiros (1998), [Pati Salam (1974),
Arkani-Hamed et al. (2002)] Kawamura, (2001)]

| SYMMETRY BREAKING ! |
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A 5D SO(10) SUSY model: compactification

e Kaluza-Klein expansion: for each field propagating in the ED

= Profile in the n=0 mode describes the
extra dimension massless particle (MSSM field)

« Extra dimension compactified on Orbifold: 1 [(Zo X Z5) with flat metric

; il All the fields in ED are defined
: D in the fundamental interval:
0 iy f- :
t OF -
| 0 Y
’ ‘ é y' H —y/ with assigned parities
. _ ; I — :
" y : Yy =y v_lﬁ y =y—mR/2 under Z, x Z, ‘
,; 5D N=1 SUSY | Vanishing of some profiles: \
i (4D N=2 SUSY) : in the bulk or in one of the two branes
| 4D N=1 SUSY | s e
{ [Pomarol, Quiros (1998), ‘ e Salen
ll‘kiaeczi yet‘». Ea;vailura, ((12907)41))’] :";. SYMMETRY BREAKING |
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A 5D SO(10) SUSY model: compactification

e Kaluza-Klein expansion: for each field propagating in the ED

= Profile in the n=0 mode describes the
extra dimension massless particle (MSSM field)

 Extra dimension compactlfled on Orbifold: Sl/(22 X Zé) with flat metric

R 1 All the fields in ED are defined

S ', in the fundamental interval:

0 Y

¢ 22y & =y

P Zo:y < —y il v =y—7R/2
Breaks Breaks ,‘ I L

| 5DN=1SUSY | ; SO(10) | " vanishing of some profiles: )

i (4D N=2 SUSY) 1 l j , in the bulk or in one of the two branes |

l Patl Salam group: |
4D N=1 SUSY SU(4)><SU(2)L><SU(2)R

| [Pomarol, Quiros (1998), 1} (Patisalam@oz), | | SYMMETRY BREAKING | |

. Arkani-Hamed et al. (2002)] / ¢ Kawamura, (2001)] 4

with assigned parities ,
under Z, x Z,
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The model: symmetries

N=1 SUSY it
PS brane
SO(70) brane N=2 SUSY SU(4) x SU(2).x SU(2) g
SO(10) bulk
TR
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The model: symmetries

N=1 SUSY it
PS brane
SO(70) brane N=2 SUSY SU(4) x SU(2).x SU(2) g
45v SO(10) bulk (15,1,1)
e (1,3,1)
(1,1,3)
bl
0 Y &
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The model: symmetries

N=1 SUSY N=1SUSY
PS brane
SO(70) brane N=2 SUSY SU(4) x SU(2).x SU(2) g
495~/ SO(10) bulk (15,1,1)
e (1,3,1)
SM weak (17173)
]-6i — (47 27 1)1 doublets: Qa
TR
0 Yy 2
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The model: symmetries

N=1 SUSY N=1 SUSY
PS brane
SO(I0) oisas N=2 SUSY SU(4)x SU(2) 1x SU(2) &
49v SO(10) bulk (15,1,1)
45+ (1,3,1)
(1,1,3)
16:— (4,2, 1)i  ousiers: Q.

161% (4_1:7 1, 2)1 SM weak singlets +

RH neutrinos:

C C C C
uy,d7,e7, vy

0 Y 2
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The model: fermions rofiles

e Superpotential in the bulk:

Whulk = 165 |, + 0, — V295454 | 16; +

16/ |7} + 0, — V295 454 | 16/

* 0-mode profiles: Higgs
2m7;
: ST —Mm;y /
f16’i(m7/7 y) T \/1 ity e_miT"R € , f16’i(y, mz) m>0 m<0
0 Y 23
exponentials modulated by bulk mass parameters: 2

- distinguish between doublets and singlets

- bulk masses can be corrected by VEV (454 )
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The model: fermions rofiles

e Superpotential in the bulk:

Whulk = 16 |1 9, — V295 450 | 16; +
16/ |/, H+ 0, — \/2g5 454 | 16
e 0-mode profiles: bulk masses Higgs
2m; —my; /
f16’i(m7;7 y) = \/1 ity e—miT"Re L , f16’i(y7 mz) m>0 m<0
0 Y s
exponentials modulated by bulk mass parameters: 2
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The model: fermions rofiles

e Superpotential in the bulk:

Whulk = 165 i

16/° |

e 0-mode profiles: bulk masses from gauge interaction in 5D

Higgs
2m7;
: ST —Mm;y /
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The model: fermions rofiles

e Superpotential in the bulk:

Whulk = 165 i

16/° |

e 0-mode profiles: bulk masses from gauge interaction in 5D

Higgs
j i 3 —m; /
(hodmos) = ([T o™ frosyml) [Noo ms
Q, L
0 Y i
exponentials modulated by bulk mass parameters: 2

- distinguish between doublets and singlets
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The model: fermions rofiles

e Superpotential in the bulk:

Whoulk = 165 jris]
16°
e 0-mode profiles: bulk masses from gauge interaction in 3D ;.
¥ ; ) s —mi;y
i, Y) = \/1 —e—mitR© Rl & =
Gk uy,dr,er, vy
0 Y it
exponentials modulated by bulk mass parameters: 2

- distinguish between doublets and singlets

- bulk masses can be corrected by VEV (454 )
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The model: fermions rofiles

e Superpotential in the bulk:

Whulk = 165 i

16/° |

e 0-mode profiles: bulk masses from gauge interaction in 5D

Higgs
¥ ; ) s —mi;y
mg, y) A \/1 = e_miT"R € ’ o m>0 m<0
Q, L ug,dp,er, VL
0 Y TR
exponentials modulated by bulk mass parameters: 2

- distinguish between doublets and singlets « still leptons + quark
unified
- bulk masses can be corrected by VEV (454 )
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[he model: fermions profiles

e Superpotential in the bulk:

Whulk = 165 i

16/° |

e 0-mode profiles: bulk masses from gauge interaction in 5D

Higgs
; T - . mR Lo
m@, y) s \/1 = e—mzﬂ'R & : o8 m>0 m<0
Q, L ug,dp,er, VL
0 Y TR
exponentials modulated by bulk mass parameters: 2

- distinguish between doublets and singlets « still leptons + quark
unified
- bulk masses can be corrected by VEV (454)
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The model: quarks-leptons splitting

e Splitting from spontaneous symmetry breaking:

(454)
*inthe bulk:  SO(10) — SU(B) xU(1)x [Kitano, Li (2004)]

» decomposition under SU(5) x U(1) x : G =10q =& -1 ¢
(@, u?,ef) (d° L) (NF)
» bulk mass correction o< U(1)x charges:

flavour universal
due to gauge interaction
(SUSY constraint)

Tl \@95 G f_

e > A JEe Jii

: ! /
* the same is happening for M
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The model: fermions profiles splitting

A <45q>>
- Combining SO(10) — PS with SO(10) — SU(5) x U(1)x :
= B
a? = m;[+H\V2¢5(455) ; gl 205(45% )
a® = ml+ V2g5(455) ; ad = m, 295 (454)

afc — i 205(454) ; a,f\’c: mé%ﬁéﬁ'@)
1
= =5
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h Higgs sector on te

brane

 Yukawa couplings on the PS brane:

 lower dimensional representations with respect to SO(10) brane:
less number of 4D fields

* For the Higgs we can select only doublets: no DT splitting problem

B e (L2
i mR\ 1 / / ! 17/ 1 R1 e/ /ﬁ |
Ny

» Majorana mass term: Y. 3 ~ (4,1,2),(4,1,2)

e Superpotential on the branes:

- 40(y= 50 we(H H', 3,5, T) +0(y) wo(164, T61)
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The Higgs sector on the brane

 Yukawa couplings on the PS brane:

 lower dimensional representations with respect to SO(10) brane:
less number of 4D fields

. or the nggs we can select only doublets: no DT splitting problem

1
Worane = ( ) [Yz]16 16//H I+ Y/,16,16/H' 1+ SY/716/16)— + .
R

- Majorana mass term: Y. 3 ~ (4, 1,2),(4,1,2)

e Superpotential on the branes:

. +5<y— %R> we(H, H 3,5, T) +38(y) wo(165, T6x)
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The Higgs sector on the brane

 Yukawa couplings on the PS brane:

 lower dimensional representations with respect to SO(10) brane:
less number of 4D fields

. or the nggs we can select only doublets: no DT splitting problem

« Majorana mass term: 27 DR s @Oy e 2"

e Superpotential on the branes:

. +5<y— %R> we(H, H 3,5, T) +38(y) wo(165, T6x)
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The Higgs sector on the brane

 Yukawa couplings on the PS brane:

 lower dimensional representations with respect to SO(10) brane:
less number of 4D fields

. or the nggs we can select only doublets: no DT splitting problem

 Majorana mass term: 27 ey (Z, L2 e }

e Superpotential on the branes:

: +5<y = %R> w.(H, H E,f,@ +6(y) wo(165,165)

Needed to generate
non trivial CKM mixing
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The Higgs sector on the brane

 Yukawa couplings on the PS brane:

 lower dimensional representations with respect to SO(10) brane:
less number of 4D fields

. or the nggs we can select only doublets: no DT splitting problem

e Superpotential on the branes:

Needed to \‘p"reserve
SUSY on the branes

Needed to generate
non trivial CKM mixing
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Effective Yukawas

e Effective Yukawa couplings fri(%) e 0
F,r = O frrz(T) O
0 U e
Y — o Yy Foe i
>
yd:FQ Yd ch MRE </\> FNCYRFNC
yezFLYdFec A2-2
M, =220 P r (vuy7'YT) Fy
Yy = Frp Yy Fie (%)
e Parameters counting:
Profiles Higgs Mixing Yukawas ogggp\?alzes
1, 2, 13, Kx ; (masses and
JEE ey i Ous Od L Y, Y, Ygr mixing angles of
H1s Hos U3 05 = |Y;J| < 15 quarks and

leptons)

7 free bulk mass 2 free angles 44 parameters
parameters constrained =~ (1)
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Numerical fit

e Agreement is not so trivial: only large tanf allowed
(unification of the third generation)

Observable Fitted value  Pull Fitted value  Pull
= Ui 0.51 0 0.52 0.33
[tanp=50] Up 0.37 0 0.38 0.50
Yr 0.51 0 0.51 0
¢ M/ Me 0.0027 0 0.0028 0.17
rom global Mg/ 0.051 0 0.052 0.14
X2minimization Mme/m,, 0.0048 0 0.0048 0
me/my 0.0023 0 0.0023 0
(including M /M 0.016 0 0.017 0.50
Yukawas) M, /M, 0.050 0 0.050 0
|Viss| 0.227 0 0.227 0
|Ves| 0.037 0 0.037 0
Vs | 0.0033 0 0.0030 -0.50
Jop 0.000023 0 0.000023 0
Ag/A4 0.0305 0 0.0305 0
sin® 019 0.304 0 0.304 0
sin? O3 0.452 0 0.442
sin? 013 0.0218 0 0.0218
XIQnin 0

Denise Vicino

Flavour scenarios from 5D SO(10): order and anarchy interplay



Naturalness test

Random O(1) Yukawas 020 o
e Uniform variation of the parameters: = i
Vi;| € [0.5, 1.5]
S
argl Y. € [0, 2m)| e
« Fitting 17 observables
with 9 free parameters (8 d.o.f) O i oo ey

sznin/v
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Naturalness test

Random O(1) Yukawas o

0.15F 0.5% of

e Uniform variation of the parameters: - successf

| cases

Probability

Y:;| € [0.5, 1.5] 0.10

argl Y. € [0, 2m)| .

e Fitting 17 observables f
with 9 free parameters (8 d.o.f) 50 P s s = o

sznin/v
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Naturalness test

Random O(1) Yukawas T

0.15F 0.5% of

e Uniform variation of the parameters: - successf

| cases

Probability

Vi;| € [0.5, 1.5
argl Y. € [0, 2m)| .
e Fitting 17 observables f
with 9 free parameters (8 d.o.f) S A — s
sznin/v
* If the Higgs sector was on SO(10) brane... o020
- Minimal Higgs content: _ousf  30%of SO(
104,120y 126y 2 Sl
light heavy % 0.10 -
- 8 Higgs mixing parameters =
[Feruglio, Patel, DV (2014)] 0.05
e Fitting 17 observables 0.00

with 15 free parameters (2 d.o.f) S 100

Xﬁlin/v
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Predictions for NO [tanf=50]

 Effective Majorana neutrino mass e RH neutrinos mass spectrum:
and lightest neutrino mass: very hierarchical
' | T My,
GERDA-I (Current) 0.8¢
0.1 .GERDA-II (Futwre) ____________ ?
> 0.6
> 001 % | My,
= _ -§ 0.4r My
§0.001 :E :: SN ]
;i ;; 0.2
10°* % é j
m 1 0.0 ——+———f . e
‘ ‘ ‘ ‘ 2 4 6 8 10 12
10~ 4 0.001 0.01 0.1 Loglo(MNl./GeV)
My et [eV]
* Predictions result quite stable ool
with respect to the Higgs « 0cpand Majorana £ .

. - £
dynamics on the branes, they o prggﬁgfﬁém(a
depend almost entirely on the 000 SUEHEREIEERAI
mechanism of lepton-quarks =yl
distinction.
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* O(1) Anarchical Yukawa matrices for both quarks and leptons can be nicely
reconciled with the observed fermion masses and mixing angles in the
framework of extra-dimension, where the hierarchies are created by
different localisation of the fermions;

* This scenario can be combined with the unification of one fermion
generation implied by the SO(10) GUT, exploiting a dynamical mechanism
for splitting the profiles of quarks and leptons.

* Tendency to unify the third generations makes the model compatible only
with large tanp.

* Both NO and IO are allowed, but NO is more natural with respect to the
random variation of Yukawas.

* Different models can be realised, changing the dynamics on the branes, but
the predictions depend almost entirely on the mechanism of lepton-quarks
distinction. More free parameters on the branes improve the success rate,

* Drawbacks: currently no experimental test can confirm the model.
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* O(1) Anarchical Yukawa matrices for both quarks and leptons can be nicely
reconciled with the observed fermion masses and mixing angles in the
framework of extra-dimension, where the hierarchies are created by
different localisation of the fermions;

* This scenario can be combined with the unification of one fermion
generation implied by the SO(10) GUT, exploiting a dynamical mechanism
for splitting the profiles of quarks and leptons.

* Tendency to unify the third generations makes the model compatible only
with large tanp.

* Both NO and IO are allowed, but NO is more natural with respect to the
random variation of Yukawas.

* Different models can be realised, changing the dynamics on the branes, but
the predictions depend almost entirely on the mechanism of lepton-quarks
distinction. More free parameters on the branes improve the success rate,

* Drawbacks: currently no experimental test can confirm the model.

Thank you!
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Backup slides

The whole action in abelian theory

= [l k [ (05V — (@ + )

(d20 WeW,, + h.c.)

| 492
—|—fd40 (I:IGQQQVH -+ ﬁce_QQQvHC)

+ ([ d?60 H. (m + 85 — vV29Q®) H + h.c.)
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Backup slides

Bulk fields content:

Z, 7z
s 5DN=1 1 4DN=1 : 4D N=1 in PS (P,P’)
o 45, E Vector multiplet E (67 2, 2) PS Adjoint (+7 _) Q
C=U _ : 45 :(153171) + (17371)+(13173) (_7_) £
& Vector multiplet : Chira mulctI?plet : (6, 2, 2) (_, +)
; : (4,2,1)) smweak (+,+) \ ®
, 16 , - _ O
) 16, & Chiralmultplet (4,1,2) doublets: (+.—) | &
— . 1 1 ( ? ? ) ( ) +) (-
o Hypermultiplet | 16‘3_ : _ =
= : Chiral multiplet : (4’ 2, 1) (—, —) 8
dh) : / : (4727 1) SM weak (+a —) c
= : 16 : - i alet D
g 16',H E Chiral multiplet E éj’ i’ Z; SRIIr-]lgnZuStl::nos: E"'a +; ?j)';
' E ].IC : I uc7 Cvecvyc o 8
Hypermultiplet } Chiral mﬁltiplet (4,2,1) S (—,+) /°
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Backup slides

Higgs mass splitting and mixing angles

L

2 2

H? + mHH + ) XTHH' +T\AgH? + g H?) + ...

(H, H.) M (ZZ) . with M = <mf§f<T> m]&z@) .

: /
hoy,.a = cosby qH, g + sin Hu,dH%d

1 ,
s = L (2 TAD) )
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Backup slides

e Profiles parameters distributions (NO)
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