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Motivation

Signals of new physics

e Some years ago, first signal of BSM physics: LFV in
neutrino oscillations.

e Recent discovery of SM-like Higgs boson at the LHC, with
Mg, =~ 126 GeV.

e Absence of results in the direct searches for SUSY (mgusy
into multi-TeV range).

e Indirect SUSY observables with non-decoupling behavior
with mgsusy-

Lepton flavor violating Higgs decay (LEFVHD) rates induced by
SUSY at one loop: may be sizeable even at very heavy
msusy =~ O(5 TeV).
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Introduction

Heavy SUSY masses discouraging situation: inability to
detect SUSY directly; naturalness suggests soft
SUSY-breaking scale mgysy at or below the TeV scale.
Specific Higgs boson observables present non-decoupling
behavior with mgysy: Appelquist-Carazzone theorem does
not apply to theories with spontaneously broken gauge
symmetries, nor with chiral fermions, which is the case of
the MSSM.

We focus on ¢ — 71 (¢ = h, H, A) in the MSSM with
general slepton flavor mixing: strong suppression of LF'V in
SM.

¢ — pe decays suppressed by mi /m?2 and very restricted
by @ — ey upper bound.

¢ — Te decays very similar numerically to 7u channels and
with equivalent detection prospects.
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The MSSM with general slepton mixing
Non diagonality in flavor comes exclusively from the soft terms: myz,; for
the slepton SU(2) doublets (71; [r;), mg,; for the slepton SU(2) singlets
(l~Rv;)7 and the trilinear couplings, Aﬁj

2 LL LL
, LLmEl 015 mé1mL2 6}:3LlemL3
mi = 62Llei2mi1 . mi, 024 m22mis
631 mi3mil 532 migmiz mis

) )
LR
meAe d1'mg mg, ot lemES )

1 LR
n A = | bi'mp,mp, mu Ay 835" Mi,Mp,
LR LR
0zi'mg,mp O35 my mpg, mrAr
2 RR RR
. RRmE1 013 mp mg, 6§RmE1mE3
my = | 621 mp,mz, mg, 03 'mp,mp,
RR RR 2
031 mp,mp, 035 mp. Mg, mg,
Therefore,
LL 2 RR 2
0o3° = (m})2s/(mp,mp.), 023" = (mp)as/(mp,mpz,),
LR ! RL LR
035" = (1A )23/(m£2m1§3), do3 =033 = (le )2/ (m mR2)~

/IN 2013, 16-21 S




Simplified SUSY scenarios

All relevant soft-mass parameters are related to msusy:

my = mjp =mj =Mmj = MSUSY,

2 3

mp = Mg =Mp, = Mg = MSUSY ,
n = MQZCL’ITLSUSY (a:1/5,1/3,1),
with the approximate GUT relation for the gaugino masses:
My =2M; = M3 /4.

(ATZAHZAeZmSUsy, mQ:mU:mD:At:Ab:5TeV)
We assume the following non-diagonal trilinear coupling linear
relation:

1 SLR I _ FLR
Ay = d33"msusy, Aszpy = 035" msusy ,

Trivially related to the previously ones by:

V1 N V1 N
52L3R = ( ) 52L:>,R, 5§2R = ( > 5?€2R~
mgsusy msusy

WIN 2013, 16-21 September 2013, Natal, RN, Brazil. Ernesto Arganda



Simplified SUSY scenarios

Input parameters

e 200 GeV < my4 < 1000 GeV,

1 <tanp < 60,

0.5 TeV < mgusy < 10 TeV,

—1 < obL SRR < 1.

—10 < 65F R < 10,

(or, equivalently, |05, |625L] < 0.009 for mgysy = 5 TeV
and tan § = 40).
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Results for the LF'V decay rates

e Complete 1-loop formulas and full set of diagrams
contributing to I'(¢ — l;1;) and T'(¢ — Lil;).

e All the mixings effects from the 5;3]3 ’s transmitted to
LFVHD rates via physical slepton and sneutrino masses
and their rotations.

e Real 6% imply BR(¢ — lil;) = BR(¢ — lil;).
e SUSY mass spectra computed numerically with SPheno.

e Sfermion spectra and LFV decays computed with our
private FORTRAN code implemented into SPheno.

e MSSM Higgs sector, with 2-loop corrections included, and
total widths calculated by means of the code FeynHiggs.
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LFV rates as functions of mgysy (6% = 0.5)
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Constant non-decoupling behavior of LEVHD with mgygsy.
Strong decoupling behavior of BR(T — uy) ~ 1/mdgy-
I'(H,A— 7p) ~ (tan 8)* and T'(h — 7)) ~ (tan 8)2.

Tyot (H, A) ~ (tan 8)? and T'yot(h) ~ constant.

BR(h, H, A — 1) ~ (tan 8)2.
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LFV rates as functions of mgysy (624 = 0.5)
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Constant non-decoupling behavior of LEVHD with mgusy.
Strong decoupling behavior of BR(7 — uy) ~ 1/md;gqy-
647 contribution to LFV processes much less important.
All BR(7 — py) allowed by the present upper bound.
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LFV rates as functions of mgysy (04" = 0.5)
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LFVHD rates tend to a constant as mgygy grows.
Strong decoupling behavior of BR(7 — uy) ~ 1/md;qy-
I'(H, A — 7p) approximately constant with tan 3.
BR(h, H, A — 1) ~ (tan 8)~2 for tan 8 > 10.




Branching Fractions

LFV rates as functions of mgyusy (M = amsuysy)
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e L[ case: the larger Ms is, the larger the LFV Higgs branching
ratios are and the lower BR(T — py) is.

e LR case: BR(h, H, A — Tp) rise as a grows but BR(7 — )
increases too.

e M = mgysy in order to obtain the largest LEVHD rates.
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LFV rates as functions of 62 and 64
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e Expected growing of the LFV rates with the 3557 |’s.

o All 62 values permitted by data: BR(h — 7) ~ 10~7 and
BR(H, A — 7u) ~ 2 x 10~* at the most.

e All 6LF values also permitted by data and BR(h — 7p) of the
order of BR(H A= Tp).

WIN 2



Branching Fractions

LFV rates combining §4
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e LFV rates increase as |05 = |634/| grows and slightly higher
than for single LL or LR mixings: BR(h — 7u) ~ 10~% and
BR(H,A — ) ~ 3 x 1075.

e LFVHD rates from negative LR mixings slightly larger than
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Results for the LFV event rates at the LHC

e Largest LFVHD rates allowed by 7 — pv upper bound are
obtained for mgysy 2 5 TeV, My = mgusy, 62LSL =0.9 and
61F = §Ji = 45 (metastability bounds).

e Low tan3: o(h, H, A) dominated by gluon fusion.

e Large tanf (2 10): o(H, A) dominated by
bottom-antibottom quark annihilation.

Phases of the LHC

e Present: /s = 8 TeV and £ = 25 fb~ L.
e Future: /s = 14 TeV and £ = 100 fb~ 1.
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Predictions in (m4, tan 3) plane for LL mixing
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e No events in present phase of LHC if 6% responsible for 7 — u
mixing.

e More promising expectations in future phase: up to 5 events for
large m4 and tan 8 2 50.
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Predictions in (my, tan 3) plane for LR mixing
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e Maximum allowed number of events are obtained in the low
tan 3 region, softly dependent on m 4.

e Up to 50 (500) LFV events in the present (future) LHC phase for
tan 8 < 3.
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Predictions in (m4, tan 3) plane for LL-LR mixing
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e 75 LFV events at the most in the present LHC phase for low tan
values and ma < 600 GeV.

® In the future LHC phase we predict up to 750 events for tan § ~ 2
and ma < 450 GeV.

e Conclusions apply to both choices for the LR/RL mixings of +5.
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Predictions in (m4, tan 3) plane for LL-LR mixing
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® Event rates increase as tan 3 grows and are reduced as ma gets bigger.
® Present: no events. Future: up to about 5 LFV events for large tan 8
and ma and up to 10 in the low tan 5 region with ma ~ 200 GeV.

® Similar conclusions are found for the case of positive LR.
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Conclusions

We have studied in detail LFV Higgs decays ¢ — 7u which present a
non-decoupling behavior with msusy. LFV radiative decay 7 — py
manifests a fast decoupling behavior with msusy.

Single RR mixing cannot provide rates measurable at the LHC.

LL mixing: largest rates at large tan 3, up to 5 LF'V events for

H, A — 7p at the future LHC phase.

LR mixing: Nevents(h — 71) up to 50 (500) and Nevents(H, A — T)
~ 0 (2-3) in the present (future) LHC phase.

LL-LR mixing: Nevents(h — T7p) up to 75 (750) and

Nevents(H, A — i) ~ 1 (10) in the present (future) LHC phase.

All rates are doubled if one adds the decay events for the 2 possible
final states, 77 p~ and 7T,

Results directly translated into h, H, A — Te decays.

If msusy is too heavy, as the present experiments are pointing out, and the

SUSY particles cannot be directly reachable at the present or next future

LHC energies, LF'V Higgs decays could provide an unique window to explore
new physics and to find some hint of very heavy SUSY at the LHC.
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Future work

e Analytical formulas from mass insertion approximation
(MIA) in order to understand better the non-decoupling
behavior of LFVHD.

e Search strategies for ¢ — T processes at the LHC,
especially for the LE'V decays of the heavy Higgs boson
states, H — 7y and A — Tp.
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MSSM spectrum
SUSY particles
Extended Standard SUB)c x SU(2)L x ULy Mass eigenstates
Model spectrum interaction eigenstates
Notation Name Notation Name
q=u,d,s,c,b,t dr,4dRr squarks q1, 42 squarks
l=e,pu, T Ilr,lp sleptons l1,1lo sleptons
V= Ve, Vy, Vr U sneutrino sneutrino
g g gluino g gluino
wE vE wino
Hl+ > HT ISII+ higgsino )Z?: (i=1,2) charginos
H, DH™ Hy higgsino
~ y photino
zZ zZ zino
HY D ho, HO, A0 HY higgsino )2;? (j=1,...,4) neutralinos
HS > h%, HY, A Hr% higgsino
w3 w wino
B B bino
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One-loop LFV SUSY-induced Higgs decay diagrams
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Experimental constraints over the parameter space

® B. Aubert et al., [BABAR Collaboration], Phys. Rev. Lett. 104, 021802
(2010) [arXiv:0908.2381 [hep-ex]]:

BR(r* — pty) <44 x 1078,

® Searches for MSSM neutral Higgs bosons decaying to 7 pairs in pp collisions
(CMS-PAS-HIG-12-050).

CMS Preliminary, Vs = 7+8 TeV, L = 17 fb!
e 50pF———T—"—T""—T T
5 95% CL Excluded Regions
+= 45 [ observed
Expected

+10 expected
+20 expected
[ LEP

10 MSSM m;** scenario
5 N Msusv =1TeV
0™ 200 400 600 800
m, [GeV]
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LFV rates as functions of tan 8
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e LFVHD rates in the LL (and RR) mixing case grow as
~ (tan 8)? for tan 8 = 10.
e BR(H,A — 7u) grow O(10%) from tan 8 = 1 to tan 3 = 5.
e LFVHD rates in the LR (and RL) mixing case decrease as
~ (tan 8)~2 for tan 8 = 10.

WIN 201:



Predictions for single L L mixing
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e Shaded gray area excluded by 7 — p~y upper bound and shaded
blue area excluded by CMS searches.

e H A — 7p: £ 2100 fb~! (present) and £ > 20 fb~! (future).

e h— 7p: £ 2500 fb~! (present) and £ > 200 fb=! (future).

e Large m4 and large tan 8: h behaves as SM-like Higgs with no

LFV couplings (decoupling limit).
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Predictions for single LR mixing
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e o(g9 — h) x BR(h — 7u) reach values around 0.2 fb in the
present LHC phase and up to 0.5 fb in the future one.

e LFV A cross sections of 0.01 fb (0.04 fb) in the present (future)
LHC phase (¢t threshold effect).

e Largest LFV H cross section is 0.004 fb (0.01 fb) in the present

(future)

phase of the LHC

(ma ~ 250 GeV).
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