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IST Understanding lepton flavour mixing

0 Flavour violated in neutral leptons (v; <+ v; oscillations )

QOutline

Motivation What about charged lepton flavour violation? ¢; — £;v,4; — 3¢;, . ..
:

e Unique source [] NO eV|dence, SO far

Modet 0 Huge experimental effort: MEG, PRISM/PRIME, SuperB, ...

Low-Energy Obs.

LHC Observables

0 Charged LFV: complementary to LHC searches and v experiments

Conclusions

0 Use low-energy LFV observables, like BR(¢; — £;7)
and
[0 high-energy data, like slepton mass splittings at LHC

0 Use cLFV complementarity to disentangle model of New Physics

4 )
New Physics (beyond SM+vr) [0  Lepton Flavour Mixing
cLEV | <= mSUGRA-like SUSY seesaw mechanism
(testable at LHC) (suggested by v mixing)
\_ J
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IST A unique source of flavour violation

Outline

Motivation
e cLFV

e Unique source

Models

Low-Energy Obs.

LHC Observables

Conclusions

0 mSUGRA-like SUSY seesaw: Y, unique source of LFV

All LFV observables strongly related

0 low-energies: ¢; — {;v,{; — 3¢;, 1 — e in Nuclei

= | Large rates potentially observable (MEG, PRISM /PRIME, ...)

0 high-energy: look for charged slepton from x§ — /¢ x" decays

Possibly sizable ¢ — ji mass differences, multiple edges, and direct

LFV decays x9 — Eiﬁjx(f

0 Interplay low- high-energy:

4 ) 4 )

Low-energy: LFV observable LHC: Interesting
(large BRs & CR) new phenomena

. J . J
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IST

Seesaw models for neutrino masses: Type-I-lI-IliI

Outline

Motivation

Models
e LR
o LFV

Low-Energy Obs.

LHC Observables

Conclusions

( N\ [ N\ )
[':"""Huﬁyul VR L= — %YyﬂﬁiTQALVL £:"'_}_lquVV—MYVHIVL
1 _ 1 _
- 5’/}:; C~' Mgrvg — uHIALH, — MAAT AL — EWJ\Z/}O "My, W
\_ /L /L J
type-| type-I| type-ll|
(H.) (Ho) o) (Hu) (Ho) (H.)
: : RS2 : :
e e A0 e e
— < ]yR: - L — ]xWWM -
Vi, VR VR Uy, vy, YVII VL, v, Wy Wi vr
UQMYVII
s = ~(@¥) MR (V)" = ||l = v T
A
0 Exchanged particle: Type-I-lll: neutral fermion. Type-Il: neutral scalar
0 Type-l: gauge singlet. Type-ll-lll; gauge triplet = Stronger running
Not directl
12—14
[] m,/ ~ ].eV and YI/ g O(l) * MSGGS&W g 0(10 )Gev [Observable

y]
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Left-Right Model: breaking scales and neutrino mass

Outline
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o Type-I-lI-I1I

o LFV

Low-Energy Obs.

LHC Observables

Conclusions

4 )

Mgurt 0 Superpotential
| W = Y, LOLE — f.LCACLE + -
SU(3)C X SU(Q)L X SU(2)R X U(l)B_L
1 0 Y7, and f. complex 3 x 3 matrices
UR

0 Lagrangian at vy, = <A8>

| = H, 77 Ylvg — LT C N
SU(3)e x SU(2), x U(1)g x U(1)p_1 L uVLY, VR — 5V C (fevBr) v +

!

0 Effective neutrino mass matrix (type-1)

UBL
‘ m&f{‘{ = —(vY,)(fevpr) Tt (vY) T
SU(3)e x SU©2)L x U(1)y 0 Y, fit — f. =1, Y, arbitrary
l O ffit — Y, =1, f. arbitrary
Msusy, Mz [0 Different imprints on RGE running

\_
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ST

LFV in the slepton sector: Approximate formulas for Amy g

Outline

Motivation

Starting with universal (mSUGRA) boundary conditions @ Mgyr:

0 Seesaw type-I-1I-I11l

Models é k MGUT )
e Tpe Ll Amd, i =~ (3md + A7) (YATLYE) o L=I()
9
Low-Energy Obs. Asz, ’L] ~ O ar = 1 , aiy = 6 and A = —
LHC Observables \- ’ 5 J
Conclusions [] Left'Right MOdel
4 )
1 M
MauTt Am% ~ ~ 1 ( ffT 4 Y(k)y(kﬁ) T) (3m(2) 4 A%) In ( GUT)
s VR
l 2 ! } (k) ty(k) 2 | 42 Mgut
or] ¥|AmZ ~ —(Sf f+y®iyl )(BmO—I—AO)ln
472 VR
\_ J
( )
Am2 ~ — Y, Y} (m2 o + A2lo,) In | 22
UR | ML= ~g2 vty ML lvg T Aelvg) N —
vpr | ¥ \Asz ~ 0 )
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Radiative lepton decays [; — [;y: Approximate formulas

Outline
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o Type-I-lI-I1I
o LR

Low-Energy Obs.

LHC Observables

Conclusions

0 BR(l; — 1;7): (MEG...) Hﬂqﬂ ;

Leff = e%l_iaquuy(AiLjPL T AgPR)lj + h.c. KL, A N £

A8m3 oy
G%

BR(ZZ — lj’y) = (’AZI{P ah ‘A%P) BR(ZZ — leiVj)]

7 Am?);; % AmZ,);,

0 For seesaw models: AY ~ (Am)i; — 4ig ., (BmE)i
L m4 ? R m4

SUSY SUSY

O type-I-lI-l1ll = only Ay,
[0 Left-Right model: In principle both A; and Ag

[0 Distinguish models: == Positron polarization asymmetry(MEG)

A2 - |ARJ? { 1 type-l-lI-II] ]

A(p™ — ey)

AL+ AR2 | #1 LR
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IST

Low-Energy LFV constraints in SUSY seesaw models: type-lIl|

Outline

Motivation

Models

Low-Energy Obs.

e DM & LFV
e A(ptoetr)

LHC Observables

Conclusions

0 Parameters: SUSY: {mq, M9, Ao =0, tan 3 = 10,52, sign(u) = +}

0 Seesaw: M7 =5 x 1013 GeV

0 Dark matter region: WMAP (30), 0.081 < Qh? < 0.129

0 SPheno(W.Porod), SARAH(F.Staub)

M= 5 x 10™3 (GeV) tanp=10, A,=0 (GeV)
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M= 5x10"3 (GeV) tanB=52, A,=0 (GeV)

- exaot

S

i i i

|
2x103

500 1000 1500 2000
My, (GeV)

2500

0 myiop = 169.1 GeV (blue), 171.2 GeV (red), 173.3 GeV (green)
0 Superimposed are the contour lines for the Br(u — ey)
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IST A low-energy observable for Left-Right model: A(u™ — e™)

Outline

Motivation

Models

Low-Energy Obs.
e DM & LFV
o A(pt—et )

LHC Observables

Conclusions

_ [ALP-|AR[

0 Positron polarization asymmetry: A(u™ — ety) = AP AT

0 In seesaw type-I-ll-lll: A(pt — ety) =1, as Ag ~0

0 Parameters:

[J SUSY: SPS3 {mg = 90, M, ;o = 400, Ag = 0,tan 3 = 10, sign(p) = +}
0 LR: vpr, = 10 GeV, vy € [10'4,101%] GeV, Y, fit

Mseesaw™ 10* (GeV) tanp=10, A;=0 (GeV)
1500 | 1 1 1 ! 1 1 1 1 ! 1 1 1 1 ! 1 1 1 1 ! 1 1 1 1 ! T T T T

ol o

0 L L : L L L L : L L .| L : L L L L : L L L L i L L L L
250 500 750 1000 1250 1500
My, (GeV)

" If MEG measures A < 1,
we can have an handle on
the scales vr, vp, and test

| the LR model

0.2 04 0.6 0.8 1.0

log(vg/maur)
log(vpr/macur)
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IST Slepton Mass reconstruction at the LHC

0 Di-lepton invariant mass distributions from x5 — Z €—>X 0l

Outline
Motivation For on-shell sleptons & isolated leptons with large pr > 10 GeV
Models
Low-Energy Obs. 1 2 2 2 2 . -
O myy = — (m — m~) (m~ —m ) 0.1% precision at LHC
LHC Observables ¢ mg Xg 14 4 X? ( p )
odi—muoncl\/lSSl\/l ~ g Z . |mg7,b _méj @LHC Am/mE(GL, /]L) %O(O 1%)
o di-lepton decays - ( 79 ]) — <m: > . A ~ ~
o Low&High! LFV/ ¢ tij m/mg(/ib 71) — O(1%)
e K¢y in LR
Conclusions 0 Standard window: Large roduction, sizable BR — x%¢00), Qh?
g X2 P X2 X1
1000 e
500 o(pp - x8)=001pb S o Point | mg (GeV) | M5 (GeV) | A (TeV) | tanf
g B % % P1 110 528 0 10
800 X
< |/ % P2 110 471 1 10
) 700 B
& i P3 137 435 1 10
< 600 a0 o\ P4 490 1161 0 40
500 | eRda \ o P5-HM1 | 180 850 0 10
400 1pb \\“\?\ s P6-SU1 70 350 0 10
x i \\\\\\\\\\\i\;\ _
100 200 300 Proposed cMSSM study points

m, [GeV]
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IST

Di-muon invariant mass distributions in the cMSSM

Outline

Motivation

Models

Low-Energy Obs.

LHC Observables
e Slepton mass

e di-lepton decays
e Low&High LFV
e K¢y in LR

Conclusions

otal AF(X3 — X3 Hp) / dmyy,
S
A

1

My

—_
S
N

—
S
w

—_
S
(&)}

—_
S
(o2}

NO SeesaWI d(Number of events) / dm,,,
- 7 TeV 7 TeV 14 TeV 7 TeV 14 TeV 7 TeV 14 TeV
|:’1Point 101 1 o2 | 0 1 107
L Eg  — 10° 10” 102 A
‘E ' | SUT — 102 | 1
10" - 107 1 10% 1
T N BT I
107 1 o | 102 1 10"
10° 103 o
10 1 4 3 0
107 4 10 10° 4
A o EE TS
| L1 g0
0 20 40 60 80 100 120 140 160 180 200 P1 P2 P3 SuU1
My [GeV]
Point Mo | Myo | My | My, <mg > mp
P1 410 | 217 | 374 | 231 1064 115.1
P2 356 | 191 | 338 | 212 963 111.4
P3 342 | 179 | 327 | 218 877 117.6
ATLAS-SU1 | 262 | 140 | 251 | 156 733 111.8

0 Double-triangular distributions: intermediate jir, and fig in x5 — x)uu

0 cMSSM: Superimposed EL,R edges for m,,,, and m..: “degenerate” [, e
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IST

LFV at the LHC: di-lepton distributions in ) decays (type-I)

Outline

Motivation

Models

Low-Energy Obs.

LHC Observables
e Slepton mass

e di-muon cMSSM
e Low&High LFV
e K¢y in LR

Conclusions

Impact for di-lepton distributions Xg S ﬁL’REi S X?Eiéi

Seesaw: My={10'",5 x 1019(10%%),5 x 10'3(10'°)} GeV, 013 = 0.1°

d(Number of events) / dm,,,

] 0_2 7 TeV 14 TeV 7 TeV 14 TeV 7 TeV 14 TeV 7 TeV 14 TeV
10_1 ] 0o | 3
10% o 10 107 1
g% -3 107 1 107" 1 o
5 10 / — 10?1
; :, = 1 10'1 i 102 _
=i // e 10 10'2 4 1
= 10 -2
Sz 10 - 10 10" 1
1 10° 4 2|
100 A ) 10 10 1
o - 3 |
= 10 100 103 )
I‘_’(_“ 10° Point (o e
1I—§ P1m \ \ 10-1 i 4 10'3 E 100 i
[ P2 —— 107 1 -1 .
6| P3— \ " LA EETAR
10- B 1
Sl?“ ‘ ‘ “ \ 10° A
0O 20 40 60 80 100 120 140 160 180 200 P1 P2 P3 SU1

m,, [GeV]

Am; ,~  ~
7777:6 (eLaluL)

0 Displaced my,,, and m. edges (¢1) < sizable

0 Appearance of new edge in m,,: intermediate T

0 LFV at the LHC: e.g XY — Top — xS
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IST

LFV at low- and high-energies: general results for type-I|

Outline

Motivation

Models

Low-Energy Obs.

LHC Observables
e Slepton mass

e di-muon cMSSM
e di-lepton decays

e Low&High LFV

e K¢y in LR

Conclusions

mSUGRA points: CMS HM1 {180,850,0,10,4+1} & ATLAS SU1 {70,350,0,10,+1}

Seesaw: general scan with My, = 10131314 GeV, 0,53 = 0.1°

109 | My = 10}§GeV‘ . Present _M3=‘101§Ge‘v - Present bound ..
y M3=10" GeV 109 - M;=10"GeV - Future ‘
= 10 P : s —_ j
= resent bound .t - =
> Present bound 110" & 3
1 13 [MEG | ., 0o 5 AGe . < 1 o i -11
= 10 16 =2 - 10 .
el 10 o =
foa) 1015 ] o m o
{1078 107
10'17 1 SU1
. i -20
X . . 10 10_15
107 10® 10° 10* 10° 102 10 107 10® 10° 10* 10° 102 10"
Ay / my (€, fy) Ay / my (€, Hy)

If SUSY observed (HM1, SU1) and type-l seesaw at work:
0 LFV observables within experimental reach: Am|sy1 < Am|uwm
0 HM1: Am(éLaﬁL)’LHC ~01—-1% — BR(,LL — 6’7)’MEG

0 SUL: Am(er, ir)|Lac ~ 0.1 — 1% — BR(7 — e7)|superB
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IST

LFV in \) — YJeu: the K., observable in LR Model

. Br(f(g—ﬁ(?eu)
utine 7 Observable Koy = 5= 30ee) + Br(xx0m)
Motivation
okl 0 Study for CMS point LM1 {60, 250, 0, 10, +1}: LFV can be discovered

Low-Energy Obs.

LHC Observables
e Slepton mass

e di-muon cMSSM
e di-lepton decays

10°

‘red: intermediate /R

%blue: Intermediate EL

e Low&High LFV 101
o _ _ |y
. "LHC reach
Conclusions 10-2
[\
N
89
10—3 |
1074 Excluded by
n— ey
10_5j | Lo | | Lo |
10* 10% 10"
MS [GCV]

OLHC with an integrated luminosity of 10fb~1 if K, > K7 =0.04

Parameters

0 SUSY: SPS3 {90, 400, 0, 10, +1}
L vpr = 101° GeV

0 vp =5-101 GeV

0 The SPS3 benchmark point satisfies m(%9) > m(l;) > m(x), and
thus the L and R sleptons can be produced on-shell

Jorge C. Romao
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IST Conclusions: What can we learn?

Outline

Motivation

Models

Low-Energy Obs.

LHC Observables

0 ¢cMSSM: no LFV, approximately degenerate ¢ — i
0 SUSY seesaw to account for neutrino masses and mixings:

Amg

(ér, iir,) within LHC sensitivity
m;
14

[0 New edges in di-lepton distributions

[0 Correlation of low- and high-energy LFV observables
(e.g. BR vs Amy)

0 Possible impact of experimental data:

BRs, CR and

By ).
A(N—F%@—'—’Y)how—energy ] - [ mE(eL”uL)’ e,u’LHC

[0 Substantiate seesaw hypothesis getting hints of the new physics

[0 Disfavour SUSY seesaw as the (only) source of flavour violation
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:

o GUT scale BaCkUp Slldes
e Below GUT
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o type-l|

o type-lll
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e Dark Matter
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IST The Setup: GUT scale

Qutline At GUT scale the SU(5) invariant superpotentials are
Motivation

Models [ -I—ype_l

Low-Energy Obs. 1

LHC Observables WRHN — Y:EV NC 5 . 5H _|_ 5 MR NCNC
Conclusions

Backup Slides

O Type-ll
e Below GUT

o type-| 1 B - 1 - B 1 B
o type-Il — II . . i . . L . 1 .
.tﬁe_m Wisn \/iYN 5-15-95+ \/§>‘15H 15-5m + \/§>\25H 5.5y

e Spectra _ _ _ —
A +Y510-5-55 +Y1010-10- 55 + My515- 15 + Ms5p - 5y
o LFV Constraints
e Dark Mat’:er t
e Procedure

e Mgg Variation [l Type-| I I
e Funnel & Mgg

_ _ 1 _
" Punnel memp Waan =V250Y 10050 — 7100Y 10055 + 5240 Y5 bus

o LFV & type-lll

e LFV in LR 1

e DM & LFV

e LFV decays + 5 24MM24 24M
_eMSinlR
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IST | The SU(5)-broken phase

Under SU(3) x SUL(2) x U(1)y

Outline

Motivation

0 The 5, 10 and 55 contain

Models

Low-Energy Obs.

5= (dC7L)7 10 = (ucyec7Q)7 SH = (Hchu)y 5IT-I — (HcaHd)

LHC Observables

Conclusions

Backup Slides

o GUT scale

2 1
+spel 15 =5(6,1,~3) +T(1,3,1) + Z(3,2, 7)
® type-

o type-lll

0 The 15 decomposes as

e Spectra
o Neutrino data 0 The 24 decomposes as
e LFV Constraints
e Dark Matter 5
oi/fscsed\l;;iation 24 :WM(17 37 O> —|_ BM(l’ 1’ O) —|_ XM(S? 27 _6)
e Funnel & Mgg 5

e Funnel &mt mb

o LFV & type-lll + XM(S’ 2, 6) ™ GM(S’ 1, O)
eLFVin LR
e DM & LFV
o LFV decays

__eMSinlR
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IST Supersymmetric seesaw type-|

OlEine In the case of seesaw type-l one postulates very heavy right-handed
Motivation neutrinos yielding the following superpotential below Mapr:

Models

Low-Energy Obs. _
Wi =Wwyssm + Wy,
LHC Observables

S 1 ~ .
Conclusions W :NCYVL . Hu —|— —NCMRNC )
Backup Slides 2

o GUT scale
o Below GUT For the neutrino mass matrix one obtains the well-known formula

o type-Il ,02
o type-lll m, = __uYfo—ilyy
2

® Spectra

e Neutrino data

o LFV Constraints
e Dark Matter

e Procedure

Inverting the seesaw equation, allows to express Y, as (Casas & Ibarra)

e M gg Variation Z N —
e Funnel & Mgg YV:\/Q— MRR \/ m,/UT
e Funnel &mt mb Vu
o LFV & type-lll
eLFVin LR ~ ~ . . . .
Ty where the m, and Mg are diagonal matrices containing the corresponding
o LFY decays eigenvalues. R is in general a complex orthogonal matrix.
_e 1N
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@PBT

Supersymmetric seesaw type-lI|

Outline

Motivation

Models

Low-Energy Obs.

LHC Observables

Conclusions

Backup Slides
o GUT scale
e Below GUT
e type-|

o type-Il

o type-lll

® Spectra

e Neutrino data

o LFV Constraints
e Dark Matter

e Procedure

e M gg Variation
e Funnel & Mgg
e Funnel &mt mb

Below Mayr in the SU(5)-broken phase the superpotential reads

1 PR S SR
Wiarssamr + E(YTLTlL +YsDS1 D)+ Y, DZ L

1 SN N N N .
+ ﬁ(MHdTJLHd + N H, 1o H,) + MrTh\To + Mz Z1Zy + MgS152
where fields with index 1 (2) originate from the 15-plet (15-plet). The
effective mass matrix is
1)2 )\2

= e A2y
m 2 My T

Wi =

Note that
Yr=U" .Y U,

l.e. Y7 is diagonalized by the same matrix as m,,. If all neutrino

o LFV & type-lll
eLFVin LR eigenvalues, angles and phases were known, Y7 would be fixed up to an
e DM & LFV
o LFV decays overall constant.
_eMSinlR
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IST Supersymmetric seesaw type-lIl|

Outline In the SU(5) broken phase the superpotential becomes

Motivation

Models ~ o~ 3 -~ -~ o~ ~

LowEnergy obs. | Wit = Wussy + Ho(WuYn — 4 I_OBMYB)L + H, Xy Yx D¢
LHC Observables 1 R R 1 R R 1 P P R ~
Conclusions —|—§BMMBBM + §GMM(;GM + §WMMWWM + Xy Mx X s

Backup Slides
o GUT scale

e Below GUT . .
o type-| giving
o type-Il

o type-lll

4
v2 OYWM Yy

e LFV Constraints
e Dark Matter 2 10
® Procedure

o Mgs Variation | where the last step is justified as we start from universal couplings and
e Funnel & M . .
°> | masses at M we find that at the seesaw scale one still has Mp ~ My,

e Funnel &mt mb

e Spectra
e Neutrino data L _ﬁ 3 Y M—1Y lyTM—ly

'tg?‘ty;e"” and Yp >~ Y. One can use the corresponding Casas-lbarra decomposition
[ ) n .
DM & LFV for Y- as in type-l up to the overall factor 4/5.
o LFV decays
_eMSinlR
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IST Variation of the soft masses.

Outline
2500 - —T— —T— — T —T 2250
Motivation 3 3 | |
M3 1 1 1 i
Models i i i i 2000
2000 [ oo 3"";;;—";.74"'—
Low-Energy Obs. A .
; Pt g : 7 >
< s e s | 1750
LHC Observables S0l T a— 8
. S - <
Conclusions O i : s 3 = 1500
PR : : a : : s
. & -~ i e i : —
Backup Slides =1000F A TR - =
o GUT scale = M, ,’ ___ir 20’1250
® Below GUT A R =
. type-l 500 _””Mi"';’;';';%"—""—”_".;'—”_”—”—”—'i'”””””";\"!f"%"'l’”””'””””””%””—
== 1 i 1000
o type-Il I — B i
o type-ll| ) e 3 3 3 3 3 3
. N N ol . . N N ol .
0 750
N rm—— 1012 1013 10%4 1018 1016 1012 1013 10%4 1018 1016
e Neutrino data
MSeesaw (GeV) MSeesaw (GeV)

e LFV Constraints
e Dark Matter
® Procedure

e Mgg Variation Mass parameters at () = 1 TeV versus the seesaw scale for fixed high scale parameters
@ rumel & Mss | g = My =1 TeV, Ag =0, tan 8 = 10 and x> 0. The full lines correspond to

e Funnel &mt mb

o LFV & type-lI| seesaw type-l, the dashed ones to type-ll and the dash-dotted ones to type-Ill. In all
'ET\)I/;LLSV cases a degenerate spectrum of the seesaw particles has been assumed.
o LFV decays

_eMSinlR
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IST

Variation on the Spectra

Outline

Motivation

Models

Low-Energy Obs.

LHC Observables

Conclusions

Backup Slides
o GUT scale
e Below GUT
e type-|

o type-Il
o type-lll

e Neutrino data

o LFV Constraints

e Dark Matter

e Procedure

e Mgg Variation

e Funnel & Mgg

e Funnel &mt mb

o LFV & type-lll

eLFV in LR

e DM & LFV

o LFV decays
_eMSinlIR
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IST Comparison for SPS3 (Mseesaw = 10 GeV)
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iy 1ST Neutrino masses and mixings

[0 Being complex symmetric, the light Majorana neutrino mass matrix is
diagonalized by a unitary 3 x 3 matrix U

Outline

Motivation

Models
Low-Energy Obs. m, = Ul . my, - U
LHC Observables
Conclusions 0 For U we will use the standard form

Backup Slides
o GUT scale

e Below GUT C12C13 512C13 S13€
e type-| U =
o type-lI ) )
o type-llI 512523 — C12C23513€"0  —cC12523 — 512C23513€%  co3C13 0 0 1
e Spectra

o Neutrino data

e LFV Constraints }
e Dark Matter parameter best fit 2-0

e Procedure Am%1[10—5ev2] 7591’8%2 7.22 — 8.03

e M gg Variation

o Funnel & Mgg [AmZ,|[1073eV?] | 2.40151% | 2.18 — 2.64

10 e’ial/Q 0 0

5 5
—S12C23 — C12523513€"°  C12C23 — 512523513€" 523C13 X 0

e Funnel &mt mb . 9 10.019 B
o LFV & type-Ill sin® 012 0.318 0.016 0.29 — 0.36

eLFVin LR sin? fa3 0.50705% | 0.39 —0.63

e DM & LFV . 9 10.013
o LFV decays S 013 0.013 0.009 < 0.039

_eMSinlR

Urpny = | —

"N T

SIS e
N

Jorge C. Romao Moriond 2011 — 27



IST Lepton Flavour Violation (LFV) constraints
ot O All these seesaw models have built in LFV, as they are models for
MUtt_met_ neutrino masses. LFV is highly constrained
Models 0 We summarize the current bounds on the LFV observables, as well as
Low-Energy Obs. the future sensitivity:
LHC Observables
Lonclusions LFV process Present bound Future sensitivity
ek BR(i — ey) | 1.2x 101 1013
ItBy?ZVT o BR(7 — ev) 1.1 x 107 107?
oo BR(T — ) 4.5 x 1078 1079
ot BR(1x — 3e) 1.0 x 1071
BR(T — 3e) 3.6 x 1078 2 x 10710
® Procedure BR(T — 3p) 3.2x 1078 2x 10710
e Mgg Variation
e Funnel & Mss CR(p—e Ti) | 43x1072 | O(10719(0O(10719))
o LFV & type-lll CR(,LL — e, Au) 7 X 10—13
eLFVin LR 16
e DM & LFV — -
e LFV decays CR(ILL © Al) 0(10 )
_eMSinlR
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IST Dark Matter

Outline : . .
A 0 Standard cosmology requires the existence of a non-baryonic dark
Modele matter (DM) contribution to the total energy budget of the universe.

Low-Energy Obs.

0 In the past few years estimates of the DM abundance have become

LHC Observables . . . .
increasingly precise. The Particle Data Group now quotes at 1 o c.l.
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o type-Il

:tsypp:;:; 0 Since the data from the WMAP satellite and large scale structure

® Neutrino data formation is best fitted if the DM is cold, weakly interacting mass

e LFV Constraints

particles (WIMP) are currently the preferred explanation. While there
:;‘;C;d\j;:ation is certainly no shortage of WIMP candidates, the literature is
o Funnel & Mgs completely dominated by studies of the lightest neutralino.

e Funnel &mt mb

o LFV & type-lll

eLFVin LR
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IST The Numerical Procedure

0 All the plots shown below are based on the program packages SPheno and
Outline .
micrOMEGAs.

Motivation

0 We use SPheno version 3, including the RGEs for Seesaw Type |, |l and Il
at the 2-loop level (calculated with Sarah).

Models

Low-Energy Obs.

LHC Observables O For any given set of mSugra and type-l, type-ll or type-lll parameters, SPheno
Conclusions calculates the supersymmetric particle spectrum at the electro-weak scale,
Backup Slides which is then interfaced with micrOMEGASs2.4 to calculate the relic density
:EZOTWSCGal'JeT of the lightest neutralino, QX?hQ. All points satisfy neutrino data.

:gg::l O For the standard model parameters we use the PDG 2008 values. As discussed
o type-ll] below, especially important are the values (and errors) of the bottom and top
o SREEilE quark masses, mp = 4.240.17—0.07 GeV and m; = 171.2+ 2.1 GeV. Note,
e Neutrino data . . —
e the m; is understood to be the pole-mass and my(my) is the M.S mass.

0 For the allowed range for Qparh? we always use the 3 o c.l. boundaries,

o Mgg Variation i.e. Qparh? = [0.081,0.12.69]. Note, however that the use of 1 o contours
® Funnel & Mss results in very similar plots, due to the small error bars.

e Funnel &mt mb

:tg f; tLnye"” 0 We define our “standard choice” of mSugra parametersastan 8 = 10, Ag =0
e DM & LFV and p > 0 and use these values in all plots, unless specified otherwise.
o LFV decays

_eMSinIR
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IST

Variation with the Seesaw Scale
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Allowed region for dark matter density (0.081 < ngh2 < 0.129) in the (mg, My /2) plane for

the “standard choice” tan 3 = 10, Ag = 0 and u > 0, for three values from My, Mr = 1014
GeV (blue), to M7y = 10'% GeV (red). Left (right) for panel type-Il (type-Ill).
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IST

Variation of the Higgs Funnel with Mg ..
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Allowed region for dark matter density in the (mg, M, /3) plane for Ag = 0, u > 0, for (from
bottom to top) Mz = 10'* GeV (red), My = 10'°(green) and My = 10'® GeV (blue). Left
panel for seesaw type-ll with tan = 52 and right panel for seesaw type-lll with tan g = 49.
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IST Variation of the Higgs Funnel with m,, & m; (type-Il)

Outline 1 14
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o Funnel & Mss Miop = 171.2 GeV (red) and my,, = 173.3 GeV (green). To the right: The same, but varying

o LFV & type.lll mp. Mpor = 4.13 GeV (blue), mpor = 4.2 GeV (red) and mpor = 4.37 GeV (green).
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IST

Variation of the Higgs Funnel with m,, & m; (type-IIl)
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Allowed region for the dark matter density in the (mo,Ml/g) plane for A = 0, © > 0 and
tan 8 = 52, for My = 101 GeV and (to the left) for five values of my,, = 168GeV (cyan)
Miop = 169.1GeV (blue), myop = 171.2 GeV (red), myop = 171.4 GeV (magenta) and my,, =
173.3 GeV (green). To the right: The same, but varying my. mpor = 4.13 GeV (blue),

Mpot = 4.2 GeV (red) and myp = 4.37 GeV (green).
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ST | DM & LFV: Seesaw type-II

Outline
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IST Dark Matter and Lepton Flavour Violation: Seesaw type-Il|

0 Parameters: SUSY: {mq, M5, Ag =0, tan 8 = 49, sign(u) = +}
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Motivation 0 Seesaw: My, = 10'* GeV. Neutrinos: {8,613} = {{0,0°}, {m, 4°}}
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IST Comparison of ;1 — ey for the three sessaw types

Outline
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spectrum has been assumed. On the left panel mg = m; /5 = 300 (GeV), on the right panel
mo = my /o = 1000 (GeV). In both cases we take tan 3 = 10, Ag=0 and p > 0.




IST

Possible way out for type-lll: Cancellations
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Possible way out for type-lll: Cancellations
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IST Lepton Flavour Violation: Left-Right model

0 Parameters: SUSY: {mq, My, Ao =0, tan 3 = 10, sign(p) = +}
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IST Low-Energy LFV constraints in SUSY seesaw models: type-ll

0 Parameters: SUSY: {mq, My, Ao =0, tan 3 = 10, sign(p) = +}
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IST Dark Matter and LFV constraints: type-l and type-II|

0 Parameters: SUSY: {mq, M9, Ao =0, tan 3 = 50,52, sign(u) = +}
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IST

LFV at the LHC: flavour violating \ decays (type-I)
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0 Opposite-sign, different flavour final state leptons (7, u,etc)
0 Lepton flavour violated in X9 and ¢ decays

0 LFV at the LHC: e.g XY — 7o — X7, xS — a7t — x\7u
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IST | Mass Splittings in the LR Model
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