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Motivations: Hunting the Higgs

@ The mechanism of EWSB is still unknown

@ The Higgs mass will be a precision observable

@ Prospects in precision meaurements on the SM-like Higgs boson
mass
LHC: Amp ~ 0.2 GeV
ILC: Amp ~ 0.05 GeV

@ Global fit to all SM data:

@ The combinations from the LEPEWWG are used to perform
stringent tests the Standard Model of particle physics by comparing
the precise results with theory predictions.

@ The constraint on the mass of the Higgs boson is of particular
interest
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Motivations: Higgs mass corrections

@ SUSY: Contrary to the SM: my, is not a free parameter

@ MSSM tree-level bound:
mp < Mz, excluded by LEP Higgs searches

@ Large radiative corrections:
e Dominant one-loop corrections (Yukawa sector): ~ GEmgin (%)
e Higgs boson mass have been computed with very good precisiontat
one, two loop level...
e 2-loop corrections: m, < 135 GeV

@ Measurement of my, Higgs couplings = test of the theory

Present work:

MSSM-seesaw scenario: MSSM + massive right handed neutrinos
and their supersymmetric partners

How can the massive neutrinos affect my?
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MSSM-Seesaw model

Neutrino mass and mixing and Neutrino Oscillations requires new
physics beyond the standard model
Seesaw solution: Add right handed neutrinos to SM with Majorana
mass
MSSM-Seesaw model: MSSM + massive right handed neutrinos
and their SUSY partners
A seesaw mechanism of type | is implemented to generate the
neutrino masses and mixing angle
SUSY version of type | seesaw model:

@ Smallness of neutrino masses

@ Stabilizing EW scale without fine-tuning

@ Providing a natural candidate for a dark matter
@ Grand unification of SU(3)xSU(2)xU(1)

Present work:

For simplicity we restrict to the one generation
neutrinos/sneutrinos case (three generations for a future work)
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Seesaw model for one generation neutrinos
1 = 0 Mp vC
_EVZE(VL V§)<mD mM><V|F_Q>' Mp = Y, V7

v =1°=cosf(r + (n)°) —sinb(vg + (1r)°) ,
N =N =sin0(v+ (1)%) + cosb(vr + (vr)®)

1 m, ~ ——2 (Ilght)
My N = = ( My F /M3, + 4m3 nm’ Y
N2 < T M > ) my ~ mM (heavy)

If my ~ 10'* GeV one can getm, ~ 0.1 eV with Y, ~ O(1
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Sneutrino sector/masses

o o 1. C o
Wiissm+vi = € [MH'lHJZ + Y, Hj L’N] + 5 Nmy NN = (7R, (1R)%)

dott = MEF L + M2 TR + (Y, A HZDL % + myB,7riR + h.c.) .

- 2?\/.?2;_% nL(fnLﬁR + 7 7%)(H sina + hcos )]
Lon = i snsing (iR — 7{7R)A cos 5]
+usual int. terms ffh;, ffhih;

,,N, — CP even

4 mass eigenstates ~
'9 { 5 N — CPodd

1
5.p = mi+ §M§ cos 283 F 2m3(A, — ucotf — B,)/my ,
mzm,ﬂ, = my £2B,my +mZ +2mj .

seesaw limit:my, >> all the other scales involved
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Higgs Boson Sector

@ The Higgs sector content in the MSSM-seesaw is as in the MSSM

3 neutral bosons : h,H (CP =+1),A (CP = -1)
2 charged bosons : H*™ H~

two ind. parameters — tan 3 = v,/vi and Ma? = —m2,(tan 3 + cot 3)

1
M hree = ) [ME +MZ £ \/(Mﬁ + M2)2 — 4MZM? cos? 23
1
mﬁ tree < MZ|COS 2ﬂ| < Mz mﬁSM = E)\\/2

@ Higher-order corrections to my,
M, My — poles of the propagator matrix — solution of the eq:

[pz - mﬁ tree T ihh(pz):| |:p2 - mﬁ tree T iHH (pz)} - [ZhH (pZ):|2 =0

Shn(P?) = Zhn(p?) + 021 (P2 — M yree) — M7

smZ = f(OMZ, 6MZ, 6Ty, 6 Th, Stans )
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Renormalization conditions

Different Renormalization schemes adopted
® OS

Z;m(mﬁ,tree) =0 = 527225 = - Rezah |a=0

A;-IH(ma,tree) =0 = 5279(15 = Rez;-IH |a=0
1
otang % = 2 (023 - 6Z5;) -

too large corrections in the MSSM => big higher order corrections
JHEP 0702(2007)047, Heinemeyer, Frank, Hollik, Weiglein
gauge dependent corrections at the one-loop level (Phys Rev.D 66, Freitas,Stockinger)

@ DR

div div

§ZPR = [6z95]™ ,62PR = [6257]
stanBOR = % (928 - ozFF) .

[1™terms x A = 2/e — g + log(4r)

The renormalization scale, ugg has to be set
@ mDR[]%Wterms  Am = A — log(mg /1) — 1pr = My
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Present work: One Loop Calculation to my

S.H., M. J. Herrero, S.P., A.M. Rodriguez-Sanchez, arXiv:1007.5512v2 [hep-ph]

@ One-loop v/# corrections to 5/7, 5/7 and /7 with Feynarts
and FormCalc
http://www.feynarts.de/ by Thomas Hahn
New Feynman rules neu/sneu sector in an available model file
One point functions and two point functions involved
Cancellation of divergences in OS,DR,mDR
Yukawa and gauge contributions

i(p2)|full = i(p2)|gauge+ i(FJ2)|Yukawa;i(p2)|gauge: i(p2)|MSSM

Study seesaw limit mp << my,; and Dirac limit my =0

@ Calculation of the new Higgs corrections Am,ﬁnﬁ coming from the
v/ sector:

AmIOR = My — M,
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One Loop Calculation to my,

@ Set of one-loop Feynman diagrams:

F
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@ Parameters of the MSSM-Seesaw: my;, tan 3, Ma, u,A,, mg,
mg, m,, B, and p
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Results: Dependence of 3 ON My
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40
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e Y, « /my and extra log(Mmw /1izg)
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The seesaw limit

@ expansion of $PR $0S $MDR in powers of the seesaw parameter

§=mo

gauge-MSSM Yukawa

® A, = =B, =0 and universal SOFT SUSY masses
M = Mg = Msysy

@ expand in powers of Mz RE, MA' £ and s

@ The main difference between the OS scheme and the DR/mDR
schemes appears in the Yukawa part, especially in the term of
O(mg)
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O(m3) relevant term

__ 2.-2 2
(Zﬁ,f*(pz))m2D = <%> [l —log <TTM>} [—ZMﬁ cos?(a — 8) cos’ 3

DR
+2p?cos? a — MZ sin Bsin(a + ) (2 (1 + cos? ﬁ) cos a — sin 28 sin a)]
(ERR0) |, = (5Re™)

D m3 | hpr=mm

2,42 (N1 2 2
20S, .2 g°mp (Méw, M5usy)
(Zhh (p )) 2 X m%ﬂ M%

m2
§95Zpn finite @and 6°5tan Blsinite €Xactly cancel the leading O(m3) terms
that appear in ¥PR(p?)
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EXACT versus SEESAW LIMIT mDR and OS

mi=mg=10° GeV, A,=B,== 0 GeV -

108 m=mg=10° GeV, A,=B, == 0 GeV 107
tanp= 5, M,=200 GeV tanp= 5, Ms=200 GeV
10°F Imy|=05ev " Im,|=05ev
PR exact * — w07
< 10 seesaw O(m3) » >
8 o6 4 & 10712
S 10 seesaw O(m) - O 10
~ exact
g 107 E seesaw O(m3) &
g -15 |
P w;é 10 seesaw O(mp) -
3 of
A 1615 N
0 10*15
w0 /.-—-—-—'——"—‘—"_""_"—
1072 1072
10° 102 10" 105 105 100 107 10 10° 102 10" 10° 10° 100 107 10
my (GeV) my (GeV)

@ seesaw limit approximates very well the exact results for my > Mgw, Msusy
@ O(m3 ) dominates the mDR Yukawa contribution — relevant size for my > 10
GeV

@ negiglible OS Yukawa contribution — decreases with my up to my < 10** GeV
For my > 10% the O(m? /m? ) o constant dominates
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Decoupling/Non-decoupling behaviour of my,

mg=m;= A= B,= 500 GeV
tanp= 5, M,=200 GeV
1= 200 GeV,[m,|= 0.5 eV

01f

0.01

107 10 10T 10T
my (GeV)

o™

10

3 mp (GeV)
310 0 100 200 300 400 500 600 700
0.004 | ma=mg= A,= B,= 500 GeV |
tanp= 5, M,=200 GeV
0.002 ji= 200 GeV,Jm,| = 0.5 eV
b~ 002 | 1
03 wo
Q £
~ ©
B2
ElA‘:
4 10t -0.002 |
-0.004
107 10T 10T 10T 101 101°
my, (GeV)

@ growing of ihmrP_R(pz) with my ONLY due to Y, dependence on my

— Y, /My

@ constant non-decoupling behaviour in the Majorana case

@ perturbative regime for my, < 10%° GeV
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Results for Amm R — M*/7 — My,
AmM™R dependence on my, for different mg

2 10
mz=10° GeV
1 mg=10° Gev -« o
mg=10° GeV - 10 /—\
mg=10"? Gev - f
S0 mg=10"° Gev - 3 20F -
S e
= i
[ [ .
EE= ab EE= -30 £ A,=B,= m;=10° GeV =107 Gev -
g = tanB=5,M,=200 GeV mz =510 Gev -
-40 F u=200 GeV, |m,[=05eV mg = 610" GV
A=B,= m;=10° GeV ¥ i m;: 710 Gev
-2 | tanp= 5, M4=200 GeV/ mg =810 Gev -
50 £ PSRt}
11=200 GeV, |m,|= 0.5 eV MR =910 1 GeV. -
mg=10" Gev -
3b . . 60 b . .
107 10™ 10" 107 10" 10"
my (GeV) my (GeV)

@ Formy < 5 x 10" GeV tiny positive corrections, Am{™R < 0.1 GeV

@ Formy > 5 x 10'® GeV = negative Higgs mass corrections, they increase with
my up to a few GeV.

@ The corrections are independent of mg when mg < 10*° GeV

@ For mg > 10%° GeV = AmT™R can be very big reaching its maximum at
mg = my (AmIPR = —50 GeV for mg = my = 10 GeV)
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Contourplot of AmT™R as a function of my and |m,|

A, =B, =m; =mg =10 GeV,tan 3 = 5,Ma = p = 200 GeV
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@ Am"™PR < 0.1 GeV if
1012 GeV < my < 10 GeV
(or, equivalently,
1013 GeV < my < 10 GeV)
and0.levV<|m,| <1leV

@ Am["°R change to negative
sign and grow in size for
larger my, and/or |m, | values
(up to ~ —5 GeV for
my = 10 GeVand
‘mu‘ =1eV)
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Contourplot of Am{]“m as a function of mg/my and

m, |

my = 1014 GeV,
A, =B, =m;: = 10% GeV,tan 8 = 5, M = u = 200 GeV

AM"OR (Gev)

@ Very large negative
corrections for large my, and
mg, of O(10'*) GeV, and
Im,| of O(1) eV:

Am[™PR ~ —30 GeV
for my = 10 Gev,

] mg/my = 0.7 and

] ] Im,| = 0.6 eV

0.2 0.4 0.6 0.8 10

Im, [ (eV)

Ma/My
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Conclusions

@ The MSSM Higgs sector is sensitive to the heavy Majorana scale

@ The radiative corrections to the higgs mass hg can be relevant
when my, > 1013 GeV, bigger than the anticipated experimental
precision (LHC-0.2 GeV, ILC-0.05 GeV) = they should be taken
into account

@ The corresponding contribution of dirac neutrinos is negligible and
completely indistinguisable of the MSSM with no masive neutrinos
@ The generalization to the realistic 3-neutrino-sneutrino case is

appealing and could give extra contributions due to the big mixing
angles as it happens in some LFV observables. (work in progress)
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Dependence of $I'PR(p?) ontan 3, Ma, i, A,,, m¢, B,

@ Reference chosen values:
tan 5 = 5,Ma = 200GeV, A, = 1000GeV, i = 200 GeV

@ Fortan > 5and Mp > 150 GeV — $"PR(p?) ~ constant

@ $MDR(p2) independent of A, and of x for [~1000, 1000] GeV

@ The gauge part increases logarithmically in modulus with the soft
breaking mass m;

@ The behavior with B, is flat for most of the explored range, except
at very large values, B, > 10?2 GeV

@ Dependence on mg (not constrained by data):

@ The gauge part is completely independent of ms. The i, vr don't
interact weakly with the Z boson.
@ The Yukawa part insensitive to mg up to mg ~ 10 GeV
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Dependence of $1PR(p?)on p

120 T T T T T T 150

Yukawa

o0 0% (Gev?) - va
Zﬂ‘ﬁ” @ev?) - gauge -
sof HEFGev) - [
. 100, =10% Gev
go| mui0teev = AB,=mz=m;=10° GeV
A,=B,= mzg=m;=10° GeV B tanB=5, M2=200 GeV/
ol tanp= 5, M4=200 GeV 5] §=200 GeV, [m,|= 0.5 eV
11=200 GeV, [m,|= 0.5 eV =~ 50t
x
20t B
<A
ol
—— 0
-20 t a—
-40
90 100 110 120 130 140 150 056 100 110 120 130 140 150
p (Gev) p (GeV)

@ Strong dependence of 3, with the external momentum — usual p = 0 aprrox
not valid

@ The gauge part is quasi insensitive to p — 3329 ~ p?M2 /m3sy

@ The yukawa part increases with p — (iﬁ(pz)) , ~YZp?
mp
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Dependence of ihmrP_R(pz) on m, — Majorana versus Dirac

60
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@ In both cases 3, grow with the neutrino mass, due to the Y, dependence on m,,

@ Dirac case — Y, =m, /v, — O(1071?)
@ Majorana case — Y, = mp /vy ~ /|m,|my /v
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Results for AmmR — m//?

AmgTm dependence on my, for different B, and on m,,
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