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Motivation

® The use of effective vertices is very usefull for pheno.
The HTpu effective vertex will help in LFV pheno.

® Why LFV7?: Lepton Flavor Violation occurs in Nature.
Neutrino oscillations = LFV.

® LFV opens a new window to look for BSM physics:
In particular to SUSY (No LFV within SM).

® SUSY not seen yet at LHC (msysy into multi-TeV range?).

® Higgs mediated processes very sensitive to SUSY, via loops.
LFV Higgs decays (LFVHD) induced by SUSY at one loop:
sizeable even at very heavy mgysy ~ O(5 TeV).

Main here: The use of the MIA will allow us to derive
the H7p one-loop effective vertex from heavy SUSY }
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Our aim
Get the effective vertex from an expansion valid for heavy SUSY

MSUSY > Pext; MEW, Mh H, A

Pj

PN
Ui

With flavor changing insertions A;; treated pertubatively (MIA)
Aij F(pext, mm, , mew, msusy) ~ Aij [F|pcxt:0 + O(milz /méUSY) + O(mlzaw/mgUSY)]

Flpere=0 ~ O((mmu, /msusy)®) Non-decoupling
O(m%z/mgUSY) and O(méw/mgUSY) decoupling

We wish to compute analytically both contributions to O(A;;) (single MIA)
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Present Status: SUSY searches

summary

SUSY not seen yet. Present (95% CL) bounds (similar in ATLAS and CMS):

ATLAS

SUSY Searches* - 95% CL Lower Limits
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LFV Present Bounds versus Future Sensitivities

LFV (in charged leptons) not seen yet. Intense program. Some searched processes:
(updated as reported in EPS 2015)

LFV process Present bound (90%CL) Future sensitivity (?)
BR(u — e7) 5.7 x 10~ 13 (MEG 2013) 5 x 10~ 1% MEGup

BR(T — e~®) 3.3 x 10~8 (BaBar 2010) 3 x 1079 SuperB

BR(T — 1) 4.4 x 10~8 (BaBar 2010) 2.4 x 1072 SuperB

BR(u — eee) 1 x 1012 (SINDRUM 1988) 10~16 Mu3E (PSI)

BR(T — eee) 2.7 x 108 (Belle 2010) 10~9—10 Belle2, SuperB
BR(T — ppp) 2.1 x 1078 (Belle 2010) 1079710 Belle2, SuperB
BR(7 — un) 2.3 x 108 (Belle 2010) 1079710 Belle2, SuperB
CR(p — e, Au) | 7.0 x 10713 (SINDRUM2 2006)

CR(i — e, Al) 3.1 x 10~ COMET-I (J-PARC)

2.6 x 10717 COMET-II (J-PARC)
6 x 10717 Mu2E (Fermilab)

CR(p — e, Ti) | 4.3 x 10712 (SINDRUM?2 2004) 10~ '8 PRISM (J-PARC)

New input from LHC: LFV Higgs decays
BI(H — 7'/1,) <151 x1072 (95%CL) [CMS, 2015] (2.40 excess?)
Br(H — 7p) < 1.85 x 1072 (95%C'L) [ATLAS, 2015]
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Our work here

e Assume heavy SUSY 2> O(1TeV)

e Focus on LFV Higgs decays (LFVHD): h, H, A — I3l p,.

e Work within the MSSM with general slepton flavor mixing:
Assume NMFYV instead of the most commonly used MFV.

e In contrast to previous works:
Use the MIA for the 1-loop diagramatic computation.
Work with single/linear insertions, i.e., O(A,x), m # k.

e Perform an analytic expansion of all the form factors involved
in powers of the external momenta:
Capture the non-decoupling and decoupling contributions.

e Explore the goodness of the MIA results:
Systematic comparison MIA /Full 1-loop computation

e Perform a numerical study of maximum h, H, A — T rates,
allowed by exp. 7 — py constraints. Pheno implications.
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The MSSM with general slepton mixing
We use a low energy parametrization for general slepton mixing:
Model Independent Approach
LFV is orginated from the off-diagonal 6;‘}3'5 via loops of SUSY.
Model parameters: MSSM + slepton flavor mixing parameters 6{}3.

2 LL LL
mil 612 lemL2 613 lemLs
2 _ LL, 2 LLo)
mz = | daimp,my, mi, das'mp, my, ,
LL LL, . _ 2
631 mL3mL1 532 mLSmL2 mig
LR LR
MeAe 015 mp Mp, 1% mp, Mp.
1 _ LR . _ LR
viA = 52LlRmL2mR1 LRmuAM S5 mp,mp. |,
0zi'mp ,mp, 03 mp mp, mrA-
2 RR RR,, . _
, RRmRI 015 mglmer ‘;ngleR;;
mp = 5§Rm1§2m1§1 RRmRZ 023 m§2mﬂs
031 mp,mp, 033 mp mp, mg.

We assume real §'s (6% = 654) = 12 independent 5;;"'s.
Physical mass basis usually used (full diagonalization): 6 sleptons /. and
3 sneutrinos g. Dependence on 6[}5 hidden inside masses and rotations.
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Mass Insertions Changing SUSY-Flavor: A48 (m +£ k)

LL _— 2 __ sLL__ -
A = (mi)mk = (SmkmmeLk

mk
RR _ (2 RR
Ank = (mR)mk =0mrMp mg,

RL _ l L
Amk = (Ul.A km — 5mk:v1~ /mRmmEk
LR _ LR v1 ) )
5mk = Omk ; V12 =< H1,2 >,ta1’1,6=1}2/7)1
msz Mp
V L """Ryg
AB LL
~Ax~B —’LAmk ———————— X----ooo- —ZAmk
ln Um U

MIA: works with the EW int. basis, l~iL’R, oF (D5 for short). Pert. O(AAB). 5] < 1.
Full: works with the mass basis. Full diagonalisation of mass matrix (non-pert).
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Updated constraints on general slepton mixing
(M.Arana-Catania,S.Heinemeyer and M.J.H, PRD 88(2013)015026)

Systematic study of constraints on all
parameters from selected LFV processes:

5;‘}3 slepton mixing
- Radiative LFV decays: y — ey, 7 — ey and 7 — puy
- Leptonic LFV decays: y — 3e, 7 — 3e and 7 — 3u
- Semileptonic LFV tau decays: 7 — un and 7 — en

- Conversion of y into e in heavy nuclei

And requiring present experimental LFV bounds on their BRs.

The first are usually the most constraining, but the others can be
mediated by Higgs bosons, then access to different (5AB’
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Summary of bounds on 5{}3 for selected points

[ See details in: Arana-Catania, Heinemeyer, M.J.H, PRD 88 (2013) 015026 |
For 51...56: 500 < my; ,(GeV) < 1500; 300 < mg(GeV) < 900
0351 < O(1071) o7 <0107 a3 < O(1)
o151 < O(1071) o7 < 0107 a5 < O(1)
0131 <007 05" < O(107°)  [675°| < O(1077)
If S7: m; ~ 10TeV, mg ~ 2TeV, all d23 < O(1) allowed.

General : Heavy SUSY implies weaker bounds on 5;?-3'5
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Results for LFV Higgs decays in the MIA

[Arganda, M.J.H, Morales and Szynkman, arXiv:1510.04685]
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Work with simple heavy SUSY scenarios: just one mgysy
1) Equal masses scenario

My =My;=Mz=p=mj =mp =A,=A =msusy .

2) GUT approximation scenario

My = 2M, = M;/4
34
my = mRi:M2:Au:AT:H/a:mSUSY’azz»gw-
3) Generic scenario
My = 22msusy,Ma = 2.4msysy , M3 = 2.6 msuysy , . = 2.1 msysy
mi, = 2msusy,mj, = L.8msysy,my = 1.6msysy,
mg, = 1.4m5U5y,m1§2 =1.2 msusy , Mp, = TSUSY
AM = 0.6 msuysy , AT =0.8 msuysy -

Checked that all these provide a my, prediction within (125 £ 3) GeV
(adjusting the parameters in the squark sector, irrelevant for LFV)
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One-loop diagrams for the Full results (for comparison)

Use mass basis for the internal SUSY particles: sleptons,
sneutrinos, charginos, neutralinos.

[Arganda, Curiel, M.J.H, Temes, PRD71(2005)035011]
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Relevant one-loop diagrams for the MIA : x = AL (1)

Other diagrams suppressed by extra factors of (mgw /msusy )™ and/or (m; /My )™

17
> A

Vm,

(4a,4b)

s

(AN =
P i AN ;
L lm (6b) L lm
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HEFT Workshop, 4-6 Nov 2015, Univ. of Chicago



Relevant one-loop diagrams for the MIA : x = AL (2)

(8e,8f)

(8h,8:8,8k) HY B,
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Relevant one-loop diagrams for the MIA : x = ALE

Similarly for x = Aﬁi changing L < R
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Relevant one-loop diagrams for the

Im

(80:8p)

I
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Analytical results of the LFV form factors in the MIA (1)
Hy(p1) = lg(—=p2)lm(ps), Hy = h, H, A, described by:

iM = —igiy, (=p2)(F{" PL + Fiy” Pr)u, (ps)

_ 2 my, +m 2 myp, —m 2
T(Hy = lglm) = g 1— (e T Tm 1— (e Tim
16mmp, M, My,

x (m3r, = m3, —mi YUFE P + 1P ?) = 4my my,,, Re(FLDFET)

Fiip = MRFCR Y+ AR+ ARRER + ATRER

Féx])%LL, FF]){LR, Féfl)%RL, Fém])%RR computed in terms (see paper) of

scalar one-loop functions: Cy, Ca, Dy, f)o: all UV convergent!
We perfom a systematic expansion of all them in powers of pext,
and keep: leading O(pl,,) and next-to-leading O(p?).

HEFT Workshop, 4-6 Nov 2015, Univ. of Chicago Maria José Herrero



Analytical results of the LFV form factors in the MIA (2)

2 ( ) ()"
t
(A F(W)LL> = g___r tor ' (653 mg,mg.)
ND 1672 2MW c3
3
O(m&lw/mgusv) X {5#M2D0(070707 mg,, My s ks Ma)

t2
—TW/.LMlDO(Ov 0, O,mfzymzyﬂa Ml)

2
,thMlDo(O, 0, O,mzz,mza,mﬁa, Ml):|

242 ()" (=)
RR ()RR _ [(9tw mr oy toirts| rRrR_
(A23 Fr )ND N (16#2 2Mw> l: c (023 mR2mR3)
O(mfy, /musy) X [MMIDO(O,(), 0,mp,,mpg_ 1, M1)

—uM1Do(0,0,0,mp ,mp ,mp_, M1)]

ALRF(I)LR _ thQ 6 M10§z)*
( 28 0L )1) T 1672 2 (957w \ MM Ry) 2Mywycg
O("”?{,/’”%USY) X (—Co(p2,p1,M1,m§3,mZ ) + Co(ps, 0, Ml,mL ’ng))
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Numerical results: Non-decoupling LL and RR

10 . ! ! ! : : : ! 10 ! ! ! ! ! : : :
o e | 07k ITENTRTRIER,
= = 0% ;
e 10°F i e
! (R mp = 800 GeV, tan B = 40, 355 = 0.5 f
=z LL < Generic scenario
o107 F mp =800 GeV, tan B = 40, 855 = 0.5 k| s
GUT u=4/3 1070 k|
approx. w Mgysy h—uFul « .:l_,....-----.nu-nn-nnnxn h—tuFull «
10 E, veeenensnsnnrnrrsrnrnrrarsrareaes| A TRFUITR 1041,-. A—TuFull +|]
° h—>tuMIA - h—7tuMIA -
A—TuMA + A—TuMA +
10-905 ‘1 1‘5 é 2‘5 l'i 3‘5 ‘4 4‘5 5 10-‘20’:3 ‘1 1‘5 é 2‘5 é 3‘5 ‘4 4‘5 5
Msysy [TeV] Msysy [TeV]
o Non-decoupling behavior of BR(h, H, A — T1) with msysy
In contrast with decoupling behavior of BR(T — uy) ~ 1/md sy
e MIA very close to the Full (in each diag and in total)
e Largest rates for LL and large tan 3: BR(H, A — 7p) o (tan 3)?
e Similar results in other scenarios
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Numerical results: Decoupling LR (and RL)

10 . . ! . . . 10°
h—<tuFull « £ ~R h—tuFull «
10°9F A cuFull + 1070kr,  ma=800GeV.tanp=40,05=05 |, eyl
THy  ma=800GeV, tan p = 40,355 =0.5 +, Generic scenario
1 A ’ s % =T h—tuMIA - 11 . h—TuMIA -
1077 F "R GUT approx. u = 4/3m 107 ¢ . H
ey SusY A—TUMA + e, A—TuMIA +
10 ++++++ E 1072 ++++++++++ ]
+ SRV
- ++
T, g 1 e o1t T ey, SENENI.
Th : E

é é.5 é 5,5 ‘4 ;‘.‘5“‘ 5 107'80.5 ‘1 1‘5 é é,S é 3‘.5 ‘4 4‘.5 5
Msysy [TeV] msysy [TeV]

e Decoupling behavior of BR(h, H, A — ) with msysy

Strong cancellations between (non-decoupling) diagrams.

BR(h, H, A — Tp1) ~ 1/md sy (similar to 7 — uv)
e MIA agrees with Full.
e Very small LFV rates for LR (and RL)
e Similar results in other scenarios
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Limitations of the MIA results

M, =800 GeV, tan = 40, mgygy = 5 TeV
GUT approx. ju = 4/3 mgysy

ma = 800 GeV, fan p = 40, mgyay = 5 TV
GUT approx. = 4/3 mggy

— 10° =
= =
2 h : L F
1 ++ 1 ++
S 108 =
S0 g st
0 o @
g h—tpFul - h—tpFul -
10
10 .. Ay Full + .. A=y Full +
1o o h—tuMIA - 1013 o h—>tuMIA -
- A—=TtuMIA + - A—=TtuMA +
1072 107
- 05 0 05 1 1 05 0 05 1
LL RR
55 823
1072 1072
m, = 800 GeV, tan p = 40, mgyygy = 5 TeV, m, =800 GeV, tan f = 40, mgygy = 5 TeV
101 UT approx. 1 = 4/3 mgysy 1018 UT approx. u = 4/3 mgysy

h—tpFull -

h—<uFul -
A—uFul + A uFull +
h—tuMA - h—tuMIA -
A—=TtuMIA + A—=TtuMA +
05 05

Seems to work reasonably well within [§47| < O(1)
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Simplest effective vertices: Equal masses scenario (1)

F\) = SH BN 1+ SEREIR 1 SREEI 4 sERER.

L,R

poLL _ 98 _mr (a(x) +ol ) 1-ty — ND

L 162 2Myeg [\ 2 0 P g

m3 — 5t3 £9 — 1183
L, ( @3 =5ty | @ w>
m2usy 120 240

p@RR gty me mip, QUéx)* +f’lm) D

R 1672 2My cg m3 gy 120

~ t2 ]_ m2 *
Fé:c)LR _ 9 W2 QHZ [Ugaf) ] D

1672 24/2 m§ygy

Hy = (h7 H,A), (75 ?) = (sa:*Caals,B) ( ) = (Ca,sou*icﬁ)

HEFT Workshop, 4-6 Nov 2015, Univ. of Chicago Maria José Herrero



Simplest effective vertices: Equal masses scenario (2)

The dominant effective vertex and most relevant for
phenomenology is originated from 6 mixing: (—igVI_eI{ijL)

yeft @ m. | P+ 5| (1- t2 SLE
HzT,u 1672 2Myy [

2 2
. _— g> m 1—-t LL
Vf[w’tﬁ>>1 = _1V27u|t6>>1 = 1672 QM:,V t% ( 4 W) 023

peft g*_ mr Mzt Lty oL

h‘r,u‘t@>>1 167T2 My ’ITL B 4 23

Similar results for A and H: LFV eff. vertex enhanced by t2
For h: LFV eff. vertex suppressed by (M2/m?%): h resembles Hgn
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Implications for phenomenology (1)

LLj2 LLj2

BR(h-7u)/|6% BR(A-1u)/|6%3
60r ] 60 o " -
50F | [l S0P Tl e
ol S R T
S EEw
207 ”””””””””””””””” 20 777777777 T T !

[ ——————— ) | EETTR] S

10+ Equal masses LU ey 1
~>~ 77777777777777 qual masses Equal masses -
1 2 3 4 5 1 2 3 4 5

mgysy (TeV) mgysy (TeV)

(ma =800 Gev)

Shaded pink/red area: excluded by BR(T — py) < 4.4 x 1078,
Shaded blue area: excluded by negative searches by ATLAS and CMS of
neutral MSSM Higgs bosons decaying to tau pairs.

Max. allowed rates are for H, A. For this input: ~ 5 x 1072 below LHC sensitivity.
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Implications for phenomenology (2)

BR(h~741)/|0%5 BR(A-7p)/|65

T T . T T T T T
60 F Toomor = 11 60F T 00003 |-~
1x10°¢ 3x10 == o.0003 .
- 7
i 7 / /)
L / / .
/ / P

/

1.x107

200 400 600 800 1000 200 400 600 800 1000

my (GeV) my (GeV)
(mSUSY =4 TeV)
If very heavy SUSY, no constraints from 7 — py
Shaded blue area: excluded by negative searches by ATLAS and CMS of
neutral MSSM Higgs bosons decaying to tau pairs.
Max. allowed rates are for H, A. Upper right corner: ~ 3.5 x 104,

If both channels T, u7 added: BR up to ~ 1073, closer to LHC sensitivity!!.
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LFV rates at LHC from h, H, A — Tu

107 10
o(gg — h) x BR(h > tp), Vs=8TeV -

T L L L L L o(bb — H) x BR(H =t ), Vs =8 TeV «
i ma = 1000 GeV, tan f = 60 - o(bb — A) x BR(A = T ), Vs =8 TeV + [{
E“’ 3 St = 0.9, My = mgysy 2 o(gg — h) x BR(h — T ), Vs = 14 TeV +
= = o(bb — H) x BR(H >t w), Vs = 14 TeV + ]
b W 1 o(bb — A) x BR(A — 7 ), Vs = 14 TeV +
g 10 ;I.'__,,.... - g
& e o(gg = h) x BR(h—>tp), Vs =8TeV @ 10
x 6 (b — H) x BR(H — ), Vs =8 TeV + x
%10_4; o(bb — A) x BR(A =t ), Vs =8 TeV -+ || %

o(gg — h) x BR(h =t ), Vs =14 TeV + 10"
% o(bb — H) x BR(H =t ), Vs = 14 TeV + msysy =5 TeV, tan f§ = 60
S lobb— A xBRH =W Vo= 14TeV + . 5'5'5=9.9, M, = Msusy ‘ ‘ e, )
s e 7 8 9 10 107500 300 400 500 600 700 800 900  100C
mgysy [TeV] my [GeV]

Cross sections computed with FeynHiggs)

Shaded gray area excluded by 7 — .
Shaded blue area excluded by CMS and ATLAS searches.
Best expectations are for H, A (no chances for h).

For /s = 14 TeV and £ ~ 100 fb—! we predict a few events O(1 — 10), in the region:
tan 3 ~ 40 — 60, m4 ~ 800 — 1000 GeV, even if very heavy SUSY, mgusy 2 4 TeV.
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Conclusions
e In case SUSY is not seen at LHC, exploring LFV may provide
an alternative test of SUSY via exotic channels like
h,H A — Tp.
e We have computed the relevant effective vertices by means of
the MIA with single sflavor changing insertions A;;:

L
by

l;

o We found very simple analytical results which are very useful
for phenomenology and comparison with data.
Predicted 1-10 events at LHC from H, A — Tpu.
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On the subleading O(M3E, /m?;;sy) contributions

8 -4
10 T T T ..__“,;...-‘...u.... 10 T T T T T T T
TS T
o 6| PEER 1
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= 10712 My =M =p=m_ =mg=A, . =mMgygy = . Equal masses
= IR mp =800 GeV, mgysy = 5 TeV, 3y = 0.5
T oot lx ++++++++++++++++++++’ 1 MA-M =u=m, S—Ufny =A —m23
P ++++++++++ R < i =My=pn=mg =mg=A, . =Mgygy
4 :’ii¥¥%§ e PRI S T 107 ’***"“""“*wxx“mxwxmx 1
B pgret e @ T
++++++**+ HRIHKR IR KK 38 30 3 107" a;:;iiiiiiiii¢111+++¢1++++++++ .
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Present Status: LFV in Neutrino oscillations

® Neutrino oscillations imply non-vanishing

: 2 2 2 i y
v mass differences Amy; = mj —mj and mixings 0;;

® Best fit (nu-fit.org) (NuFit 1.3 (2014)

sin? 012 = 0.30470 013, Amd; = 7501519 x 107° eV2,
sin? 023 = 045170007, Am3; =2.45870002 x 1072 eV (NH),
sin 013 = 0.0219709019  Am3, = —2.44875-09T x 1073 eV? (IH).

Therefore, large flavor mixings (i.e. large LFV in v sector)

solar 612 ~ 33.5° large
atmospheric 023 ~ 42.2°  almost maximal
reactor 613 ~ 8.5° not small

® |[nteresting connections between LFV and neutrino oscillations
in specific models. Particularly via Y}, if Seesaw Mechanism:
Seesaw Models (1, Il, Ill, Linear, Inverse, non-SUSY, SUSY...)
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Size of 6% in SUSY-Seesaw
M.J.H, J.Portoles, A.Rodriguez-Sanchez, PRD80(2009)015023, (Seesaw I)

Contour lines of 53L2L for heavy N; (full 1-loop RGE and compatibility with v data)
Hierarchical N Degenerate N

12.0 125 13.0 13.5 14.0 14.5 15.0 12.0 125 13.0 13.5 14.0 145 15.0
log[my, (GeV)] log[my (GeV)] arg(82) = 7/4

Large 621 for mpy, ~ 1014 — 10%° GeV = |64 ~ 0.1 — 10 (|6&L] < 1073)
2
Perturbativity constraints (solid line): |%| <15 = \62LBL| < 0.5

Larger 62 (~ x6) and LFV rates in low scale SUSY-Seesaw models, like SUSY-ISS
[Deppisch,Valle,2005; Hirsch et al,2010; Abada et al 2012; llakovac et al,2012...]
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(Meta)stability bounds on Al

If Aﬁj too large, MSSM scalar potential develops charge and/or
colour breaking (CCB) minimum deeper than SM-like local
minimum or unbounded from below (UFB) directions

[Casas, Dimopoulos (1996)]

gms

Aby| < T\/m +m% +m?, with y, = —="—"—
| 3‘ Y E5 1 Y \/iMWCOSIB

In our simplified SUSY scenarios:

2 2
24—, |05 <wyrq[24+

1055°] < .
SUsY msusv msusv

o Stability: for mSUSY =myg=1TeV, \5 < 0(0.1)
(tan B ~ 5) and |058%| < O(1) (tan § ~ 50).

e Metastability: for 3 < tan 8 < 30 and msysy < 10 TeV,
0548 < 5 [Jac-hyeon Park (2011)]. Weaker x factor ~ (4 — 8).
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Selected MSSM points allowed by present data

[Arana-Catania, Heinemeyer, M.J.H, 2013]

S1 S2 S3 S4 S5 S6
Lo 500 750 1000 800 500 1500
mi;’ 500 750 1000 500 500 1500
Mo 500 500 500 500 750 300
Ar 500 750 1000 500 0 1500
n 400 400 400 400 800 300
tan 3 20 30 50 40 10 40
M 4 500 1000 1000 1000 1000 1500
MG, 2000 2000 2000 2000 2500 1500
Q; 2000 2000 2000 500 2500 1500
At 2300 2300 2300 1000 2500 1500
ml~1 ml_a 489-515 738-765 984-1018 474-802 488-516 1494-1507
mp, — My, 496 747 998 496-797 496 1499
m_ 4+ —m_4 375-531 376-530 377-530 377-530 710-844 247-363
X1 X2
meo — Mo 244-531 245-531 245-530 245-530 373-844 145-363
1 4
My, 126.6 127.0 127.3 1231 123.8 125.1
Mg 500 1000 999 1001 1000 1499
M 4 500 1000 1000 1000 1000 1500
MH + 507 1003 1003 1005 1003 1502
Mg, — Mg 1909-2100 1909-2100 1908-2100 336-2000 2423-2585 1423-1589
mil - miﬁ 1997-2004 1994-2007 1990-2011 474-2001 2498-2503 1492-1509
mg 2000 2000 2000 2000 3000 1200

Heavy SUSY ok with LHC, h identified with observed Higgs (M}, € (123, 127) GeV), (g — 2),, OK with data.
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Bounds on 6} for selected S1,..,56 points

[Arana-Catania, Heinemeyer, M.J.H, 2013]
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Bounds on &) for selected S1,..,56 points

[Arana-Catania, Heinemeyer, M.J.H, 2013]
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Bounds on §14 for selected S1,..,56 points

[Arana-Catania, Heinemeyer, M.J.H, 2013]
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Bounds on 3 for selected S1,..,56 points

[Arana-Catania, Heinemeyer, M.J.H, 2013]

6357 < O(1071)
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Bounds on 3 for selected S1,..,56 points

[Arana-Catania, Heinemeyer, M.J.H, 2013]
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Bounds on 53 for selected S1,..,56 points

[Arana-Catania, Heinemeyer, M.J.H, 2013]

|635°| < O(1)
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023 | max In (Msysy, tan B) plane, versus (g — 2), and

Max allowed by
T — py

Tension in MSSM
versus data

(9 — 2)u requires
a light SUSY-EW
sector and large
tan 3; mp
requires a heavy
SUSY-QCD
sector.

|6%3L|max ~
o107 1)
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LFV constraints on double delta
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LFV constraints on double delta (64, 52.1)

Constructive or
destructive
interference
depending on
relative sign of
deltas

Allowed areas
inside contour
lines

Large deltas
~ £0.5 still
allowed.

Even larger
~ £0.9 for S7

Heavy SUSY
decoupling in
T =y

5LL

0.5

0.0

—0.5
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Full one-loop LFV rates versus msysy (62 = 0.5)

Branching Fractions

10°
s

0" Fg
]
k>

10-10 L

1

my =800 GeV, tanp =5 h—tu -

855 = 0.5, My = mgyysy/5 H—on ]
A—=Tu x
Tony @

10°

mgysy [TeV]

Branching Fractions

10 - - - - - - -
3 my =800 GeV, tan p = 40 h—=tu-
10 855 = 0.5, My = mgygy/5 H=rur]
E‘E A—=tu x
g '[—)M-\IE

mgysy [TeV]

Constant non-decoupling behavior of BR(¢ — ) with mgysy.

In contrast with decoupling behavior of BR(7T — uy) ~ 1/mé sy
Large ratios at large tan 3: BR(63 # 0) grow with tan 3
BR(H, A — 7p) close to ~ 1075 for tan 3 = 40 in allowed region
(mgusy > 5TeV) by BR(7 — ) exp. upper bound (dashed line)
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One example: SUSY-Seesaw with heavy vi (V)

Slepton flavor mixing generated radiatively.
[Borzumati,Masiero,1988; Hisano et al,1996; Hisano,Nomura,1999]

Connection between LFV and neutrino physics comes via Y.
RGE running from Mx = 2 x 106 GeV down to my;:

AB
54

1 (3ME + A?)
SEL = — O TV (Y LY,y
! 8w Miysy N
Aov1 Yy,
SER = _i&(yj[g@)ij

16m2 MZyey

2
M
SRR "y~ 0 Ly = log <7X ) ; (LLog Approx)
mn;

= o

MSUSY
Large 644 for my, ~ 10%% — 1015 GeV = [65F| ~ 0.1 — 10 (JoFf| < 1073)

Perturbativity |4 | < 1.5 = SUSY-Seesaw I: |62L] < 0.5 [Arganda et al 2005..]

Larger 625L (~ x6) and LFV rates in low scale SUSY-Seesaw models, like SUSY-ISS
[Depp|sch Valle,2005; Hirsch et al,2010; Abada et al 2012; llakovac et al,2012,..]
Recently: large BR(h — 7u) up to ~ 1072 found in SUSY-ISS [Arganda et al 2015]
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Results for LFV Higgs decays, h, H, A — l;l,,, in the MIA
[Arganda, M.J.H, Morales and Szynkman, arXiv:1510.04685]

e Work in simple scenarios for heavy SUSY:
all masses heavy by means of a single mass parameter mgysy
e Analytical results in the MIA for all involved form factors:

computation of all relevant one-loop diagrams
with one insertion, O(AA5)

o Perform a systematic comparison of one-loop resuts:
MIA versus Full

e Numerical results for BR(h, H, A — Tu)
and constraints from BR(7 — uy) < 4.4 x 1078 .

o Earlier estimates of loop-induced LFV Higgs decay rates
within MSSM: did not work with the MIA
[Brignole, Rossi, 2003], [Diaz-Cruz, 2003], [Kanemura et al 2004],..
Full one-loop computation in [Arganda, Curiel, M.J.H, Temes, 2005]
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