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The MSSM

W = e (Yu HIQiu+ YaHiQ d + Y. H{Li e — p Hi‘H%)
Natural value for & ~ Mpianck

— Lot = may, HYHy +m% HiHo+ ... —¢;;(BuH{H + H.C.)

1
— 5 (MsAszAs + Mz Az Az + MiAr Ay + He)

Mg ~ 1 TeV For Correct EW and without Hierarchy problem

Correct EW symmetry breaking Viiges = ¢t S 1 TeV = p-problem



Respect to LHC

The MSSM is an R-parity conserving model
the LSP is stable

missing energy Is expected at LHC.



Goods of the MSSM:
Dark matter candidate:
Neutralino (or gravitino)
Solution to the hierarchy problem

Problems:
LI-problem

Massless Neutrinos



This motivate to postulate a New
Supersymmetric Model, with the minimal
natural content of fields and without

[-l-problem

The J¢ from v Supersymmetric Standard Model {1550

We use the right-handed neutrinos superfields
in order the give mass to the neutrinos

without [-problem
As a consequence R-parity is explicitly broken

L-F and Carlos Munoz, Phys. Rev. Lett. B 97 (2006) 041801 [arXiv:hep-ph/0508297]
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SUSY renormalizable theory: nvSSM

W = ey (Vi3 HE Qi+ ¥ Y Q1 4 5 3 265+ v Y £

. . A 1. &%
i ~Cc 170 17D 11k ~cacac
= Eﬂb/\ L",I" Hl H2 —|— 5:‘{- L"i ijk?

+ SOFT TERMS Masv~ 1 TeV

_—

Only one scale: The SUSY breaking
scale, only source of gauge breaking



SUSY renormalizable theory: nvSSM

W = ear (VI EBQR 5+ Vi B Qb5 + Y By L2654 ) B L255)

1
— ek DEHEHS 4 5;‘{1 Ik DU,

+ SOFT TERMS Masv~ 1 TeV

The model "behaves properly” up to
Planck scale.



Soft Terms

2 a * Ie) 2 % pria 2 yig TaF .
_ﬁsoft — mHl Hl Hl —|—’TT1.H2 Hg Hg + (mﬁc) L"f v; + ...

g _ 1 g
+ {Eab(Ayn)” HY L 05 + ...+ E(Amﬁz)”kﬁfﬁ;ﬁg + H.c.]

1 . . _
— § (ﬂ'fg A3 A3 + Mo Aa Aa + M1 A1 A ‘|‘H-C-) .

Are given by SUGRA



SUGRA (Iocal SUSY) Gravitino Dark matter candidate

(G.. ‘m

(graviton, gravitino)

SUSY
MPIanckN 1016Tev
(Non Renormalizable) HvSSM
Tree level amplitudes Msusv~ 1 TeV

(Renormalizable)

Similar as in a Fermi theory where






Since R-parity it is not symmetry of the
model the phenomenology is very

different to the one of the MSSM



* Neutrinos mix with neutralino (10 X 10)
3 light neutrinos (mainly neutrinos left-handed)
+ 7 mainly neutralinos (including neutrinos right-handed)

* Neutral Higgs mix with sneutrinos (8 X 8)
8 CP even Higgses (5 + 3 mainly sneutrinos left-handed)

7 CP odd Higgses (4 + 3 mainly sneutrinos left-handed)



The Neutralino-Neutrino mass matrix is:

M
M, = =

T :'
m” Ozx;
[ My 0 —Auy Avy 0 0 0 \
0 M; Buy —Bu, 0 0 0
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In first approximation the light neutrinos mass matrix is:

M, =mIMm
With neutrino masses of order 1072eV =10 gev =
11 _Y(10°GeV)? _6
107 GeV = TIETeRY » Y, ~ 10
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The Neutralino-Neutrino mass matrix is:

M m

M=
T
m- Usx3

[ My 0 —Auy Avy 0 0 0 \
0 M, Buv, —Bu, (0 0 0
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Effective Neutrino mass matrix

M, =m M m

Using Diagonal Yukawas for Neutrinos

i N
oy 1o3h) - (Yot Y)Y,V
(mefﬂreui)ij — 5 yc v z{,( - ) M i U-iyj‘l' 3\ T 0)2
= e
M= M [1 - - (-’muﬂ”“” + ME)] 1_ 4 + L1
eff = DM (kv + Avgrg) 3hwe \© w2 2 M~ M, " M,

We have neglected all the terms of order Y/ v?, Y v and Y, v



Effective Neutrino mass matrix

(Diagonal Yukawas for Neutrinos)

2 1 - (4 YI_,-"-I-"" + K;.L’; YMYH.T'E-
(mefﬂreui)ij — By i}{"!f s (1 _35 ) U-iyj"' d( ;A : ) T Q;’\; !

-M,E.ff
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lI'l

20, AU 1 9'1
M. =M|1— 2 2k1" 7=
el f [ 2M (kv + Avgry) SAuf( ST R )] M LT M@




Effective Neutrino mass matrix

(Diagonal Yukawas for Neutrinos)

1 | w(Yy+Yw) YYad
(mfmrmg)u = il’u hj (1 —35”) ”vi!r.gff Vil/; T 3\ + 0\
| . B v? H 2Vl Ao’ 1 _ Q‘f i
Mepy =M [1 DM (A0 + Avgvg) 3Av° (3“'” FER )] MT M T M
V2 1
vg — 0 (Mef flreat)ij = 6;’ VYo, (1= 30y) = oo-viv

M off ~ M



Effective Neutrino mass matrix

(Diagonal Yukawas for Neutrinos)

; 1| E‘J(Ymuj-l—}ﬂ,ju;) YMYWTE_
(megen)s gty (L =385) =53 oy + =3 ==+ =5
| _ B v? H 2Vl Ao’ 1 _ Q‘f i
ﬂ'ff.'ff =M [1 IM (ﬁ:ycf ‘|‘-J\Tu.’3'd) I\E (Eh'u 72 T 3 )] M My + M,
.
vy — 0 (mgff\mz)ij ~ 6&1‘3 Yuiyuj(l — 351‘3;) - m-’f’iﬂj

Mg~ M _
Gaugino see saw



Effective Neutrino mass matrix

(Diagonal Yukawas for Neutrinos)

(m )i Ly (1-36;) - : viv; + taYur + Yoy + Tl
Ll A T 3\ 0)2
= e
5 9 2 2
) = I _ v - 2 Uyl Jﬂ“)] l — gl Q__}
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Uy
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Mg~ M Ok
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\
vz-Higgsino see saw ,w



With diagonal Yukawas for neutrinos we could reproduce
the experimental mixing angles.

In a sense we have an explanation of :

Why mixtures in Neutrino and quark sectors are so different?



W = eay (Y7 B3 Qa5+ Y, AP QVdS + Y AT Lres + v, A L2 5%)
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W = ey (Vi3 HEQ i+ ¥ Y QU 4 VI B 1265+ v Y £ )
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Lightest Higgs

oo, sty R o
my < My [ cos’ 28+ ————sin" 2| % My (cos” 28+ 362X sin” 29)
0,
A= G\
Landau pole condition (GUT) — )\ < ([}.7)3 A=) < l].’r'/\/gm 04

fortanf=  2(4) —> my < 111(08) GeV

2 2 -
S }‘:i — D or A}xi — Sin 2}'3 - ;’ﬁ._ E H‘z’j.i'i-)'ljb’_i;
z j Ei'

1 loop _ my, = 140 GeV




hqy — 2 Standard Model fermions

hﬂ- 7 P_ﬁ
ha -~ ho
<
. .
ll'.r o P:r"
rrlu — hghﬁr y hﬂ, —+ FﬁJPﬁra , Pﬂx — PﬁJrIl,T y

wherea, 3, y=1,.,8 and o/, 3,4/ =1,..,7

For example we have

hy = 2hy = 4hy = 8 Standard Model fermions



~1)

hy = P = 0P = hy = X' = 2P2v = 2b2b2w,

We took three light singlet-like Higgses, the four is doublet-like



Gluon Fusion dominate the Higgs
production at LHC

g
GGG

1 T SR
ﬁ%ﬂ,/

[(hy = gg)
[(Hsp = 99)

“(s}fﬂ — M = f?(s?s? — Hgy) ~ g(gg = Hsy)

0.75 a(gg = Hsw) S olgg = hy) S olgg = Hsy)

7(gg = Hgyy) is about 17 =195 pb  For center of mass energy of 7 TeV



Gluon Fusion dominate the Higgs
production at LHC

g
GGG

1 T SR
ﬁ%ﬂ,/

[(hy = gg)
[(Hsp = 99)

“(s}fﬂ — M = f?(s?s? — Hgy) ~ g(gg = Hsy)

0.75 a(gg = Hsw) S olgg = hy) S olgg = Hsy)

7(gg = Hgyy) is about 17 =195 pb  For center of mass energy of 7 TeV



Many Colliders constraints

e i — invisible _ Here we are assuming as invisible the light neutrinos. A
maore elaborated analvsis reguires a re-analvsis of LEF data, taking into account for
instance that neutralinos could partially contribute to the missing energy when the
decay distance is comparable to the size of the detector. We have checked that in the
points where the decay length of the hightest nentralino is considerably greater than

({1 m), considering also the LSP as invisible, the constraint is satisfied.
® i} — vy, from LEFP Higgs working group results _
e h — bb, from the LEP Higgs working group .
® i to two jets, from OPAL and the LEP Higgs working group, both at LEP2 [ @]
o h = 77—, from the LEP Higgs working group .

e i —+ PP with PP decaying to 4 jets, 2 jets + cec, 2 jets + 777, 4 's, cece, 77 + ec,
from OPAL results [El]

2) For ete™ — hP with AP decayving into 4 b, 4 7, and PPP — 6b studied by DELPHI
23]
3) For ete” — hZ — PPZ — 4b + 2jets the DELFPHI constraints [

4) For ete~ — hZ independent of h decay mode, combining the results of ALEPH

and OFPATL collab orati ons , .



One of the most important LEP
constraints

i~ T I T T T I T T T I T T T I T T T I T T II
e 1

= - LEP :
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-= | -
= i i
] - Observed 1

(] T Expected Ffor backgrommnd
BT 10 -
ury N 3
= B - 3
B L -
- //ﬂﬁ"ff}/w 4
i P i

f’""yjﬁ; LP/
-2 -
1'::. 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
20 40 [{11] 1] 100 120
2

m H{Ge\"fc )

3. Abbiendi ef al.,, LEP Working Group for Higgs Boson Searches, Phys, Letd. B585 (2003)
61 [arXiv:hep-=x/0306033]



LHC: CMS CMS PAS HIG-11-022
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Figure 21: The combined @5% C.L. upper limits on the signal strength modifier p = r/r.,,,

as a function of the SM Higgs boson mass in the range 110-6800 GeV/c®. The observed lim-
its are shown by the solid symbols and the black line. The dashed line indicates the median
expected limit on p for the background-only hypothesis, while the green/vellow bands indi-
cate the ranges that are expected to contain 68% /95% of all observed limit excursions from the
median.



LHC: CMS

95% CL limit on oo,

Figume 2: The combined 95% C.L. upper limits on the signal strength modifer §

| CMS Preliminary, Vs =7 TeV [ —a opeerved N
Combined, L, = 4.6-4.7 i’ B Expected:t 10
10 ~—- Expected+ 20 =
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CMS PAS HIG-11-032

of Fegpy A5
a function of the SM Higgs boson mass in the range 110-600 GeV /c®. The observed limits are
shown by the solid symbols and the black line. The dashed line indicates the median expected
limit on p for the background-only hypothesis, while the green (vellow) bands indicate the
ranges that are expected to contain 68% (95%) of all observed himit excursions from the median.
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From Sandra Kortner talk at
Recontres Moriond 2012
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- - EXp. Ldt=46-49fb I
f Eilo :
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Benchmark point Cascade algg = hy) X BR uaq. (fb)
1 hy — V1) — 2P2v — 252520 270
By — VI%3 = 2h20 — 4P2v — 4b4b2w 44
2 hy = Y03 — 2P2v — 27727 2p 1620
3 hy — ¥9%% — 2P2v — 202020 70
4 hy — V13 — 2P2v — 252520 5S8R0
5 hs — X0 — 2P2v — 262020 1870
Ei b1 — Y% — 202¢27 150
h1 — Xixy — 20221 80
by — \[j).;[j — 2224 40
hy — \H\H — Ars 15
7 hy — 2P — 2b2b 5450
hy — 2hy — 4P — 4bdb 160
8 hy — 2P, — 2b2h 1660
Iy = hih1 — 4Py o — 47F47~ 4R()
hy — V1% — 2P 220 — 27127~ 20 80
by — XX = 2020 — 4P 520 — drTdr2u 150
hy — \Hﬂ — 2P 20 — 202h21 20

Table 9: Production cross section multiplied by branching ratios of the cascades, for the henchmark

points discussed in the text
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A K111 Koz Hasg A, ['::Ir'-'"l.]l .]I.l!r: [':.:Ir'-"ﬁl.rll
1.0 % 1071 7.7 %107 7.5 X107 7.3 % 107 -1.10 —1.7 x 10°
ban 3 A, [GeV) iy [GeV) Jf_.l;,_iLl'r‘l.'] Y, 1-.-~_~,|
3.7 1.0 % 10° 2,92 ¥ 10°° 1.46 % 104 2.70 % 108 1.51 ¥ 10~°
v GeV) my,, |GeV) My, (GeV) my,, (GeV) my,, (GeV) mp (GeV)
8.0 % 107 13.6 13.9 17.0 116.2 8.4
Mg, (GeV) Mg, [GeV) men (GeV) meo (GeV) o (GeV) —
9.5 9.6 11.8 13.2 14.0 —
BE(ky — 3 f_l 1“1“] BR(x{ =%, Pv) | BR(F, =+*r") | BR(P,—=7%") | BR(P, = T17) lo_, (cm)
012 1.0 0.8% 0.83 0.82 184
"benchmark point 2
A K111 KW K333 AL (GeV) My (GeV)
1.0 x 1071 1.6 x 1072 1.5 » 1072 164 % 1072 -5.00 ~1.7 = 10°
tan 4 A, (ZeV) 11 (3eV) 2 5 2eV ) ¥, ¥ia 4
48 1.0 = 107 R84 = 105 228 x 104 1.28 = 107 226 = 10—7
vt (3eV) g (3eV) Mgy 36V Mgy |36V ) gy, (GeV) mp [3eV)
8.0 x 107 165 216 218 120.2 B.A
mp, (EeV) g, (GeV ) T o [ZaV) T o [Zal) oo (el ) —
B4 16.9 2\.3 k.5 2TE —
BR(hy —= ki) FRihy = P3Py BRihy — ETJ_J -.," u] BR(hy — ,l.,l';.] BR{hy = E.f.|'=l E:F;) | BR(hay — .- f_] FiF;)
.05 .12 0.06 0.55 (R 1.0
BR(Py2 — r+r—) BR(P; — bb) HH[\L“ — "T‘I_l fejie ) HH[{‘_{ = Far) HH[{‘_: —= Py "Ii'_;' {cm)
.88 .93 0.51 0.33 .16 15

benchmark point 8,




Possible signals at LHC

Displaced vertices

multi-jets plus missing energy

multi-leptons plus missing energy



SUMMARY

The yvSSM includes right-handed neutrino superfields

0 to solve the y-problem of the MSSM generating also the
masses for the neutrinos. The only source for EW
breaking are the soft terms

After EW symmetry breaking — see saw mechanism at
® EW scale (is possible to reproduce experiments with
diagonal Yukawas for the leptonic sector)

® Gravitino can be the Dark Matter giving visible
signals Fermi satellite

LHC the Higgs phenomenology is very rich.
Multileptons and/or multijets decays are possible






Higgs Prodution by:
quark quark fusion

J.

S°(d,4)

cos® 3

_ ] Vi \° -
o(bh = hy) = o (b5 = Hey) ( s ) = a(bh — Hgy)
bbH gy




Neutrino Physics

714 < Am? /1077 eV? < 810, 2.06 < Aml, (1077 eV < 2.81
0263 < sin” 61 < 0.375 , sin’ 63 < 0.046 , 0.331 < sin” fy5 < 0.644



e Charginos mix with charged leptons

+1 S+ 4 ot oot -7
v ZI:—?J. ’HU?Eﬂvﬁ‘[RiTR]
_l{ AT ,-__T) 0 ME .¢.+T
2 ' ' Mo 0 .E?{.—T
(M? JaUy 0 0 0 \

, Lyt 4 ] . ;

I-_?_-
=

L]
I

. E Fa .
a1 _}1-‘1.'“' }Eui'd }El':rrd Yfde
r

217 _Yl-‘;::iy' };Ezl'lld- YEE-:er YfzﬁTd
KQEI”? _}fﬂaiyz? YEthﬂi FE.L;-:er stari

e Neutral Higgs mix with sneutrinos

e Charged Higgs mix with charged sleptons



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49

