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Motivation

Super-Kamiokande, PRL 81 (1998) 1562:
"Evidence for
oscillation of atmospheric neutrinos”
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Moftivation
SNO, PRL 89 (2002) 011301
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“The non-v, componentis ... 5.3 o greater
than zero ..."
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Moftivation
KamLAND, PRL 90 (2003) 021802:
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Current status of v data
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% Neutrino masses

In the SM neutrinos are massless. In general,

however:
Majorana Dirac
AL =2 AL =0
LY = —mMﬁVL — MpVLVR
Note:

» mp requires vy

» mys Violates L
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Neutrino masses

|

In the SM neutrinos are massless. In general,
however:
Majorana Dirac
AL =2 AL =20

EV

—mMﬁVL — mDV_LVR

Note:
» No experimental hint for Majorana mass

» " " Y scaleof L [&]
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Infroduction fo R,

MSSM superpotential:

Wry = + h9HL,ES + hi H,Q:DS + hi H,Q;U¢
T Nﬁdﬁu

R-parity violating superpotential:

Wg,= + NjpLiliEy + N LiQ; Dy
+ e LiH, + N US DS DY
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R-parity violation
The R-parity violating part:

Wi = + NijuLilEf + N LiQ; DY
+ ¢LH, + N USDS DY
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R-parity violation
The R-parity violating part:

Wpo= + AijLilEf + N LiQ;Df

= Aijk. A, And ¢; violate lepton number

= A}, violafe baryon number
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R-parity violation

The R-parity violating part:
Wg,= + NjrLiL;Ef + N, LiQ; Dy
+ LiH,+ \ .U DS Dy
= A\ijk. Ajj, ANd €; violate lepton number
= A, violate baryon number
= lepton number and baryon number
violation can noft be present at the same

fime because ...
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Bilinear R-parity breaking

Consider:

W = Whyrssar + Gizzf]u,

MSSM ¥
Vsoft — Veoft + B'ée'éLiHu-

= Both tferms violate lepon numlber
= New terms in V. iInduce vevs vy,
= N, = v, u+ €vp

= Neutrinos mix with neufralinos
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[ree-level mass martrix

INn the basis:
\IJBT — (VG)V,LL7VT7B7W7F]CZ7F]’LL)

The neutralino mass maitrix can be written as:
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i Tree-level diagonalization

Only one neutfrino mass non-zero at
free-level:
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ﬁ Tree-level diagonalization

Only one neutfrino mass non-zero at
free-level:

m, T ’_"2

3 4d6t(./\/lxo)

Only Two angles defined at tree-level:

A
tan 013 — T
(A2 + A2)}
A
tan (923 = &

A_T.
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i I-loop contribution(s) to m,

MlL _

tree-level

>

TN e ey
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i I-loop contribution(s) to m,

“Generically” most important loop(s):

Bottom
—— Moo squark
v loop
b
= Mass:
~2 ~2
milp ~ fABO (61 4_262)
U

- Angle: <
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* LSP decay
With R-parity violated LSP decays, thus ...
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* LSP decay

With R-parity violated LSP decays, thus ...
... Any superpartner can be the LSP!
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% LSP decay

With R-parity violated LSP decays, thus ...
... dny superpartner can be the LSP!

= Neufralino
= Chargino
= Gluino

= Charged scalar
= Scalar neutrino
= Scalar guark

<=
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Neufralino decay lengfh
All Points with correct Am3, . and Am?:
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Neufralino decay

Consider, for example, the decay ) — W=i;:
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Neufralino decay

Consider, for example, the decay ) — W=i;:

W= W+
X M Xl M
> P
X—l{\ Vi \
[F [F

l l
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Neufralino decay

Consider, for example, the decay ) — W=i;:

= Couplings are complicated functions:

f — f(gagla M17 M27 ooy €4y Az)

= But: Same functions for all generations
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Neufralino decay

Consider, for example, the decay ) — W=i;:
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i Neutralino decay and 0.,

BR(x — 14'q)/BR(x — 7¢'q)
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BR(x — 1q'q)/BR(x — 74'q)
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i Neutralino decay and 0.,

Ratio of
branching
ratios
predicted
from
atmospheric
neutrino
mMmeasurement
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Charged scalar decay

msugra-like: charged sleptons have similar
mass at weak scale:

g 7,7 0nd é
”E all decay
= through
Ei R, modes
&
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* Charged scalars and 6.
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= measured solar angle currently predicts
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Chargino decay

Neutrino mass and decay width related:
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Chargino decay and 0 xqn

BR(x* — pqq)/BR(x* — 14q)
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ﬁ Cosmological parameters
Source: hitp://pdg.lbl.gov/

Parameter Value
Hubble parameter h=0.71£0.03
Total matter density Quh? = 0.135 + 0.009

Baryon density Qph® = 0.0224 + 0.0009
Cosmological constant (Qp =0.734+0.04
Radiation density O, h? =247 x 107°
Neutfrinos (2, > 0.001
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% Gravitino dark matter
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ﬁ Gravitino dark matter

Gauge Mediated Supersymmeitry Breaking

(GMSB) generically predicts the gravitino is
LSP ...
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ﬁ Gravitino dark matter

Gauge Mediated Supersymmeitry Breaking

(GMSB) generically predicts the gravitino is
LSP ..

Pagels and Primack (1982):

m3/2 100
O-h% ~0.11 ( ) ( )
“ 7100 ev gy

= “warm dark maitrer”
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ﬁ Gravitino dark matter

Gauge Mediated Supersymmeitry Breaking

(GMSB) generically predicts the gravitino is
LSP ..

Pagels and Primack (1982):

m3/2 100
O-h% ~0.11 ( ) ( )
“ 7100 ev gy

= “warm dark matter”
If R-parity violated, gravitino decays, but ...
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ﬁ Gravitino half-live

3
M3 /9

~ 1
I'(G i ’X—UV2 .

Here,

3
]Uw\z — Z | cos By N;1 + sin HW]\/};Q]Q
i=1

~ 3.5 x 10714

0.05 eV

= Gravitino half-live ~ 103! ¢, (2LkeVy3

msz /2
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ﬁ Neutralino decay

Neutralino decay widfth to gravitino +
photon:

K2m?2,

T ~() é _ 7TXq
X = &) 18mm3 , M,
1.2 x 107°K2
1.~0 5 7100 2
(i 6v) G ) e
100 GeV m3/2

2
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Acceleragtor test?
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Background?

~
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ﬁ Spontaneous R,

W= WO, + Ki0.D,H,+ hiL.E i,
T, + plad,

= Conserves L at level of W
= If scalar singlet gets vacuum expectation

value:
€, — h;j<ﬁc>

= Spontaneous breaking of lepton number,
Goldstone boson: Majoron
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% Spontaneous R,

W = h9Q;U;H, + hQ;D;H,+ hiL;E;H,
+hILDSH, — hoHaH,® + h9 ¢S,
As before, plus:
— & potentially solves ;i-problem & la NMSSM
— Dirac mass term for 7¢ through vg.5

= Many variants possible ...
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ﬁ Higgs production
In the MSSM:

~ sin(0 — a) ~ cos(f — a)

= For K’ and h'-A production
= H": exchange sin( — a) + cos(f — a)
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HIggs production

In sponfaneous R,

~ 1B, ~ 1A,
"Higgses”:
(PO)T — (J,GO,PAO,PJL,PCI),P%)
(S°)" = (Sw,Sus, 51,57, S, S5,)
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HIggs mass bound

If there is a light singlet (typically S;):

1\ |||||||| H
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= One CP-even Higgs necessarily light
= Note: 3, +nj =1
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i Higgs in spontaneous R,

10
102§ ' Rov = Ty
S~ T
Jo) \\
o L \ CP-even Higgs
- —E§Z can decay
~ o invisibly!
002 04 058 1
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% Conclusion
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"... affer all, you are measuring just another

bunch of Yukawas!”

Nick Evans
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% Neutrino masses

Add right-nanded neutrino to SM:

1
L7 = —Y;jhOV_LZ.VRj

V2

With (example only, in units of 10~13):
Yee=05 Y, = —078 Y. =0.65
V=12 Y, = —10 Y, =17
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ﬁ Neutfrino masses
Add right-nanded neutrino to SM:

1
LY = —Y.h'orvp
\/§ J Lz Rj
With (example only, in units of 10~13):
Yoe =05 Y, = —078 Y. =0.65
V=12 Y, = —10 Y, =17

= Fit fo data, not a theory!
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% Proton Decay

_ Estimate decay width:
A1 YeeBeee( N
['(p— etnl) ~
d U

()‘,11k)2()‘/1/1k)2 M5

(472)2m5, proton

Given that 7(p — em) > 103 yr:

~ 2
/ < 97 Mdk
11k~ M1k ™ 2- 10 ( ) :

100Gev
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Alfernatives to R,

As R,. mafter parity

(L’L;EZ)QMUZ)DZ) — _(LiaE’iaQianaDi)a
(Hy, Hy) — (Hy, Ha).

Forbids B . baryon-parity

(Q’L)UZ)DZ) — _(Q’MU’L;DZ)a
(LiaEiaHlaHQ) — (LiaEiaHlaHQ)-
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% Spontaneous R,

AN

W = Wyssu + hz H + -
= If scalar singlet gets vacuum expectation
value:
€, — h@u<ﬂc>

= Produces only bilinear R, ferms
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WDM and Enfropy

= "Problem”: Mafter power spectrum at
(1-40) Mpc very sensitive to WDM, M. Viel et
al, PRD71 (2005):

mwpuy > 950eV
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WDM and Enfropy

= "Problem”: Mafter power spectrum at

(1-40) Mpc very sensitive To WDM,

al, PRD/1 (2005):
mwpuy > Do0eV

= “Solution”: Produce entropy af

M. Viel et

er

gravitino decoupling (Baltz & Murayama
(2001), Fujii & Yanagida (2002)) through late

messenger decay:
F > (5—10)
<]

Gandia, 1 Dec 2005 - p.47/4.



	Outline
	Motivationhypertarget {Intro}{}
	Motivation
	Motivation
	Current status of $
u $ datahypertarget {FitNu}{}
	Neutrino masses
	Neutrino masses
	Introduction to $
pmx $ hypertarget {RPV}{}
	R-parity violation
	Bilinear R-parity breaking
	Tree-level mass matrix
	Tree-level diagonalization
	1-loop contribution(s)
to $m_{
u }$
	1-loop contribution(s)
to $m_{
u }$
	LSP decay
	LSP decay
	Neutralino decay length
	Neutralino decay
	Neutralino decay
	Neutralino decay and $	heta _{
m Atm}$
	Charged scalar decay
	Charged scalars and $	heta _{odot }$
	Chargino decay
	Chargino decay and $	heta _{
m Atm}$
	Cosmological parameters
	Gravitino dark matter
	Gravitino half-live
	Neutralino decay
	Accelerator test?
	Background?
	Spontaneous $
pmx $hypertarget {Spn}{}
	Spontaneous $
pmx $
	Spontaneous $
pmx $
	Higgs production
	Higgs production
	Higgs mass bound
	Higgs in spontaneous $
pmx $
	hyperlink {backevans}{{Conclusion}}hypertarget {cncl}{}
	
	Neutrino masseshypertarget {yuks}{}
	Neutrino masses
	Proton Decayhypertarget {Pdecay}{}
	Alternatives to $R_p$hypertarget {arpv}{}
	Spontaneous $
pmx $
	WDM and Entropy
	WDM and Entropy

