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Neutrino Masses Beyond 
the Standard Model* 

Stefano Ranfone 
Rutherford Appleton Laboratory 

Chilton, Didcot, Oxon 

OX11 OQX, England 

Abstract 

We give a brief review of some aspects of the physics of 
massive neutrinos. In the first part, in addition to the main 
phenomenological consequences of lepton mixing, are 
shown some of the principal models of neutrino masses 
based on SU(2)LxU(l), in the context of left-right symmetric 
models, and in the "standard" GUT's (SU(S), 50(10)). In the 
second part, we review the lepton sector in the framework of 
a particular Universal Seesaw Model which may also include 
the 17 keV neutrino. In the last part, some recent results 
obtained in the context of the "flipped" SU(S)xU(l) and the 
SU(4)x0(4) Superstring Inspired GUT models are discussed. 

' I 

1 June 1992 

.. Commentary and Transparencies of Talk given at Rutherford Appleton Laboratory, 27 
May and 3 June 1992. 



Table of Contents 

la. Preliminaries: 

Neutrino masses: Dirac vs. Majorana; 

Lepton mixing, FCNC, neutrino "counting", neutrino (vacuum) 

oscillations; 

Limits on neutrino masses. 

lb. A Brief Review of "Models for Neutrino Masses": 

"Minimal" Extensions of the Standard Model; 

Left-Right Symmetric Models and the Seesaw Mechanism; 

Grand Unified Theories: SU(5), SO(lO), and the "singular" seesaw 

models. 

2a. The Leptonic Sector of the Universal Seesaw Model (USM) and the 17 

keV neutrino; 

2b. Neutrinos in the "flipped" SU(5)xU(1) and the SU(4)x0(4) Superstring 

Inspired GUT Models; (and consequences of large VEV's for the RH 

sneutrinos on the neutrino spectrum and on the fermion mass 

relations obtainable in the second of the two models). 



i. rrrtfHfNAKIES 

1..1) a.K;;~ar~ • .f tk Jlevr;.,· ... , 

,,. l'f' ··-. 

4~-~ 

.£c...o .(....tl- ...:r 
~tl~) 

• .SHg~ 

•.SO~V~ 
(Hs~ 

J1.~v 

• vM-nr r1• tU r~~ [.A-4~ ~~ tr~ 
~ ~ ~ ro +-!...e ,__~ 1~cO(A...~ 

- ~ r-4L \) kQ..v.e a.. ~~~k.t~ 
'"t:Mr ~ ? a 
~ -. ~ 4 ~k [';r- ( p~ c:Y'c 

n;o~)! 

TluM.. j~~~ <vtt 1-.:.Ji< ~~ ~-~~ ( U:. 

~,,'k of ,..~.,.,_ ~- ~~~~) r~ ~ ~ 

J. ;,~- t.·.e., ~) -4JC..h$1--~ r~~~-
, • t - . I -:. , ·-~ _ ,.... I , _ - •.17 ' l?"'- .. ·. ·-~ . 

z ~ 

• A~t-Y f~--- ff.-/} . >or~ ~~ ~ ~~~ (~'f-
tA.DI :yi ~- fk 'C~!~-~ Ab~~ T~) ~ 
~er ... -'o: . ....J.O . -., 'T r· -UJ ~ -

~ rt~w 
G.) Sof.wt Jf.!IJ-~ J/t-0~ ( MSW1 /4¥ 1 • •• )..-,.wtP-]v 
~ . ~~ _.""S; ··· ·· 

/,) ~<Vtk v"fJte..r, : (d~ ~~~ 6&: V '"'--.. 

,)_;1 t" 

M/L J'tO-..-J .V -!=';;:t 4~ -. P..H. 
( J:L=1. ~ ~~J -..tl~(~ 

c) .., ~ 

• v~ JQ""-~k: r....L ~'0· '"~ of f/...J.. ~-
- . '-t ~\) ""- u;,- >o # . 

Qtb f~~ v.-r~CQ..~·rrw.s l b~r ;;;:~ ~ '-.vJ ~ , 
Jj v~ ~ ~,~b..J!e 'h-~~~4·· 

tki. ~Jv ~ ~ ~ u~: ~-.zr 
(~I-f, f'ly-. 3 . ~ t&J- ~~ LEF ,fJQ.). 

~-- --~ -.... 

e) SN 8rq_ , 

• ~o fLc.. ~~~1{~ ~~ ~~~ ~ ,}'f~ v/11 

~ ~ ~0~ VQ:.J" &n. ~~ f r-l..r. ~~Rec-? Jrdq;fiu/ 

"\0 ~ v'4 . x~~~ ~w " ~ ~ 
~ ~ c.ryh ~ 1 ott~ u~, ~ J 
k.~ ~..-~~ 

• HA JoRA~A ~ 2 ~..I.M.I(. ~~~ ): ~ =~ {v'=c'>T) 
cfM ::- n-tl (v~,. CV~ + "'-.c.) + (L.,.... ~):::. mL. (Y~ 'VL- ... ~.c..) -t(L~~ 

- M XX+~ ~W -~ ~ :t=-X + y~ _,. t~c=-~~ 
- L. IC t W =v. ~~ wc=f41 

I( -, &.. 

m" ~~ . . )( . . 
'{ ..y&( 

' , )( fc • 
YR ')} ._ 



D!R:4C ( 4 L~~- c~)= (v~:l=...,) 
T 

r< D .:: mo ( ~'-y'R + k.c.) = n,P v).) 
-~ V =VL +V~ ( \{,~ = i6 i=Y's-)V). 

":).._~; D0M ~ 
lf+IJ et. = ~ 'JLVR + Wl'-~ "* + M-1~ VeL.~ +l....c..-= 

- (;i iJ ) (. w.,_ ..... ~) ( :) i 
""'P/4 ""R. 

~~ t¥'-.;;-al:...J;;-._ /~~ c:_ ~ ~ it:Jrn~ 
~ . ~: 
~ r "l.t = x . ~ <iJ - 4./· -1<-.... ~ 

L 1~ .... X . /).< ....... ~ + t...:> · ~ ~ 
~rk ;j~~ loMp ~ ~: 

""'- _.,.. I 
R L. 

f · [ a z. ]•lz:.J M.~ = l. l "'L. + """K) :l. ( ~- ~L. ) + ...... ..C> 
~,2 2. 

vAt~ r ~~ f -...g/ -~(;"..._ w.-.... ~ : i 
I 

• /)J·I!Ac v'J ; ::::11' L.! fe: e,/'4-, -r)~ f'IOT ~" • 

~~ (b~rfA,~~ 
W L = 2::..1 Lp .!£ ~~ 
(~~~~ ~~-L "-' 

~. 

=;> 

~~ 

• MA Yo~AiJA \J '~ : + ~]'- o~ ~ L..e c,:j 

(~:tt..,~,.i~) ~I ~-Ut~ tf,.l... 

~fqj(_ ~,_ :#= : L s ~..t L.(,1 

~~"d., iJ; ~ !1 2 ~Ci 

(faLl= z) 1 :J~ .. #.g. 
q;,sJ0\1-~ I 

~L.~: 
(A(e)- (A,l'+l) +-e--.~

~ f"kk~ ~ 44: 

K+- ll-..,. ~~+r+ 

~;;-~ lt 
e-

: {Jtf)PY 

"" 
~-

{f;l)~ f-t.cc.tM-U ~~ c-/,. .. QAA~ ~ fl~ IC~fff!c!ifle"' ~ 

~ ~ : ~ :J. r, Jl 

--·· 
< tt'tv >.u ::: f- L~- ..,.,,. I .-..,..Lh. U.i ~ ~ 

1-;., ' ::-I 

,___fie.~ ~~·":! ~--r..J< • E,t(~~: 

</M., £If>- ~ D _ f .LV 

;': .=:-;:.;~~~ ;ff!.Jf:,.._...... 



• LerG" M···~• 
~ 

• Jjt.L bo~ N . f),~ ~ f-4L H.rj~ C-4..0~ 1 

t~ ~ <t . 11 Ltrf;.t.._ t.v..Jc~ ~ ~ IQ /-{.A. 

~1:< K:rt ~'';; . 

L-t.cj. I~ 3 ~--r;:p.....,); 

fl = (-. V~ ) { ~ L M. D ) (V~~ 
0\._."' )), I. I ,,_ -r ,J.... 

(t·~~r.~ 

W\P ~R ·~ 

\. - ) 

vV[l) L(K() ~~~~ 

...P -..rk.e q{,_Q o~ c:;:ok 1 vf1 y t ~£.. a.. bdr-ve~t" 

f' ~- : ,..., T AA ""'- nL A,.,. 
V ... r "v V ~ ~ ( ""1 ' ~' ... , *t) I 

~+ ~-1 ) 
( "v"l..M.t. V = V ;, ' ~ .1t( 7-.-rJ .. c-.~ ~ P..d.... ~ ~ 

c~t-~~ro..~) \1~~ J b.<. ~~ Q4: 

~ ( 0 vl =-~L. vQ. = E v~C( xa( . Q.=(,~,~; ~-~ 
a< =1 • ~ ,, 

"3 : Yz:: 

.f ~ ~,0-7 axr~ rl..e. 

~..4~~ ~~~ 
€\{.L.t '?LI \)rL) ~ ~ .;. fA..L 

x. ~~~--·f) ~ 1-k 

04,~-~~a; 

~~ ~ ~IO:.ILI ~ ; 
3 

Rrt =~~11 e• ~~~9) 
g,l I 

~ V ~ ~ 3x6 

~"'-rr- k.Rf- ~~ of ~ 
AA-vk f-l....,r. 'VV-+-=! '~r: 
v+v :~t1 .. ~k~ ~ , 

..n. .It~ ::T .J7..-+ Sl. ~ 1), r~ 
7 

1~tZ ~- - 1-t..t. r~~ of 
·~-~-.&r(O.._ ~-~-.kJ.~. 

ntxtu~ (~l..tcN~ - ·· 
' • . 

~-L==-

~~..,.....&.; 

,, 
3 

~ \ u I- ' 0 vr A:_ - \ - ~ ~ wr L .. A.«{..,. v.._t.=-~ ~ ~,e"-,, ~ca.!'(~_;h . 
<l ::J'f . t 

e(.~l,, ~ 

3 + T 
f<,ot :a£ ...C't. .. !, '{0( (3x() 

~ ~c.L. ~.r: k' k i' = 1.. ~ ,.,r k +I< :f:. f , QM..II(' 0 1-'l..t.. 

'yQ fi..L kJr ~~. 

·~~ Q. ~ ~~I f~l ~ ~ Kj.-'tA"""-' 
(M.~) ~I i41l f.M F~ ,t ~-~ 
~~ ~ tM,~~ {rz. J-.4t.. ~ ..IA:~Jl'•IF.Ji 
~~: 

3 ~ 

.,C. ~ - c! ~ ~ L. ~-- vr'G-Ys)~ =-A-e 2.. ~16-~ll~ 
~'" 4 e-o~.,. r ct~r "" .., r ~r::' -t-

.,._w_' .f (t:x(") = v+v 5 I<+ K (Fl) I # fCIIfC ! T 
( 

:J + .r !:: 1:: V V ~J• s<~, -,t) ) ~ ~ ~"r: t E:.f 
c:(B 8.. .. 1 Q(Q.. "'{J 2 I 

,- X =I. 

~ k • 
~x.avMe(l!. : tJElJTKHJQ CQU#.lllll6 ( e~- _.,A--t. ~ ·~~ M'f 

1 
C11"3· it.: ~iv.L·cc,S.R., ~-"'"-': f!.62•~(Jr)l11) t'-7 1J. :fn. T Y~ .,~ 

. su~ "T; f-1...£ '-'·: ........;ct·'d I' 1--'....L ~~ lt 4/~c~" 
# cf. v~ / vVv 1 ~ IA.#r ~ ~ /,J .:c, ~ "r .. 

-. 3 2. J 

~=L lf~d 
tl. !. :: , 

I 

( ~b ~ H....A. ~rr--.Afr 3JC3 ~ek ~c-c.~ of .r~ ); 
~ 

.. · ~=-~~-;~~:: :' 
.. .:. ;::~-~~~: • .:::<:."1.~ ~ • 



:> ..{!..J·t ~~ 
• V ; ve,_ ~ X! I \)I""- :::- Az i ~,_._r- y?L. 1.6 ~. 

~~li 1 ~j V~l( ; ~ t.d : V (3x() ~: ~H.. Q. ~~ 

( C ~ CAYJ 
1 

S .J ")c.~) ' 

I / i I 
"' : ~ 
V I. '' i c 5 

\b x,, = :--- - - - - - j 
; -.S c: (

.! 0 0 0 0 0) 
=P V (>;d) : o ! o o o o 

61Q~ ,SOO I 

i 1 
\ i 

a-ti ~; ·i 
~ I 

- I 

~~~' 
c?. 1 se ---- - _, 

Se s~ 
f = v+v = 

c 
\ C,' 

3 l. 
J(, = E f.r q, ,J :; f + 1 + c 4- ::: 3 - 2 s ~ + s ~ ~ 

4l,A. :rl 

L~ L~.r ~-~J TO ~ ;:., .- (~ i. ) . 

()TJ,e~ C•tt.S•!~~~Mc~s o/ V- ,.,;Jt~ 
( aMJ ttt~t11 '/o): "fJE IJTKn.AO oSctt&ATHis1': 

eJ·t ~J..t.. = 
y = ~ \ / y~ ~-11,. LAA-~ uv~/Qti.. 

eu.~ 4J ve. X: tr -
l ~ L I 

X .{.x.) =' X:· {c) e I"KX ~ x~·Cc) e'f<.u·u-) 
' ~ I 

.I - E ( 't ~)'I~ r m-Z 
().Tl i 3' Kc + ~ & "> c......; ._.,_ p : E, l: - I<'.-X ~ z.E x ,(zc ~t-) 
,. 'l(-(t) ~ ;r,·Co) ~,·-."ftlz£ 

I I . i. wl-taE 
~ c'f .Y_C t_::r_11.:....)_::-_v.,..fk.... ~ V (f)) ;: E'i \{ i e ( I ;G· > I 

~ ~ ==<-v. 1 v ctJ::> = = ~ \ / . v."* i~ft-lz::t:. 
fJ ' -· Lt VeL l p e 

$> .f ('-'e-~ i t~x) = L: V· V~ V. V.~ ~l.4"'a~jti~E. 
,_ '~j "' '2J JP l,f . 

·~· 

0"'- ~ f--L...e. ,.._~t'i 2 -p-- ~I ;t.v.A.J..k V=- (-s c 
c ;;,) , 

( t:e., ~ ;, ...-.,9 X, -t l)..c..·c...9. Az. 1 ~ s -/].c.,.o...~ .:::t", -+ c.,~ ~ ) 
1 

:.:t> 

&v-..1 ~~ l'l {o}'/ 5" '{l. 1 ~ pi-: 

,.· ..... }thE 
I v [ t) > = L,- ~ ~.· e l Xi> ~ 

::c> 
- ~ ~/ 1 < v. t Y( tl "> = .s c: ( e' !o~o4a HZE ,·~ f-/ze) 

-pr-e - e 

~ .f CV., - ~~C i x) = MM-~Zf7 . M.i..'(¥:1 
( VAc;vC/~ O.$C:tl.LAT't0ft1S) 

~kPI.£ L. = 4rE ~ z. 5" [l:(fit.Y) ] w ,~ . 
d144' A.u.c.t.~)j 

(~~"t!t ~ -~~) . 

• s,·~ ( g1~t;-ot..1 J oc~ {~--~) ~ 
Lc....Alr...trt. ( ~ ~ ~ if ~ ~ ~'? ) c:t.d 

~ ~~ M>IX/ {. ~o-Gvc V~)_,_ -
. ex,,r. L;,.,tr; OM tJe.;r.,.f·MO 11ass~.s : 

• k·,·~c~ ... t:~I;j (~-~la/ ~-~b~. 

w.'i < 1.8 eV 

l.AA-~ < z >o J:::1,V 

~'?- < 3 s- tw' 

{ w.ri~ p-"!d) 
(1r-~~) 
("l'-+ S'lr+~) 

• • ~t:j . l '.os..l 
• IJ~ ' -i_, ~«v, (4;) ~ 0. ~ .&V~:"' 

J ~- ~···•v,· .:S /PO .N (~. , . -



J'1. o t/ e ls {w V- WIClS.$C!'.s • 

'JI!I A2') ( A:t) e B.-q ( H~-.... ~) t'IJ.sau M. 
.f...- t'ltc ~H sT.fes N_t~ : 

A. m~ i.. suc2),evu) 

~i) 

~z) 

SM • tt.._,=o 

SM S ~.fR (!.== ~r,c) = 

t{_~~,.~~ .f ~>n) 
I - C 

- ~t ·~ ft ~I' feL cp Nl'R + k-t:. 
I 

( J.. c • ~ J... * ' ll::t> M f. .r <~ :: I ~ r ) ~lltAC).fJ' .::- .f./ 1 ~ (s- Ml>) 

~ "---1-~C.--.. of )10 ::p. D I ~-4C. m~) ~-

~ Le 1 L,....., L~ QJt( No; ~ 6"'1 L..=I:~.L'" 
~ ~ c~ ~ Cl.d ~ ). {eJ·: /A'~·ex-).· 

~ ~j;...., w.-:x.(! ;;_ .=.:.=.· ~~-~ I,..._'T ~:Jo~, ~ ~--;.,· 

l'IOTE = ,--.bur t-~ ~ J i yt!J;,- ~;kr v~ 
lA ~ cy.-1c.&.w...L ,_:,_~"7 ~,__~ i'w.l~ c:.ow.~ 

rL';f ~~ . 

MR ~ L MR "nl N.J~ C ~~K + k.c . 
.Rg_l .u 

• 

(~~d. ~.u~·'7 .. &8'-·L): . 

~ . J1 ~ (_ vL N~ ) ( o ,_ MH.P) . ( vc;; f I...'· 
V ~ K ~ 

~~w~- ~ (~~)fO: 2·"!f 
t-f~o-ta.-R.. IA.Lc.A.k..·"'"«i . ==-

~ ~ ~ .£r1Da... ~'d 

• ~~ r~z:~, 't Mlf.t.e' >> Ho4· 
nte ~ ~~!): 

~ ( ~-1-lt_ 

.c;w-
M-ffl' ~ -

I -1. 
MP Mrt Ml> 

1 
(~}\'d) 

$EtSI(W ~ 

eJ. 1 ~U.. ~A'~~~ m1 ~ Mp-z./f1~ Hlz. ~HR /Y,'"-~ 
d I l'{~eR 

~ ~ 

11, ~ tM..~ • I.)A.i ~ """'"~ IMte << '""~ ""t ~ ~ ,., m, ' 
z. ~ ~· .:? tv1 . ~ ~ M'/) ...... """ ~ ~..;i 

1 z e 
~------------------------~ 

.-.~., ~1.4. 

Lt(,IIT"~ ~ 111( ~ 1.,1-tj-LV (-. ~~~.~f~) 
.;. S\U'Y 6Jr~-~ 

(SE. E 5-JI'W) 

tt> ~-~ l ,_. (3 .ucfi.-.ljq-H;~ ·- · 
c:..&,:f.~f (;Je.o..JA) l 1'"!> _ , _ _ 



43) SM <1Nifh "rn,M;~al" r~oU..C:C ~~-~~ A3.11(): l1L ~('3,-l) ;a~ 

,.. 

bJ ~Hv · ex~ rl/ ~ ~~. ···- - .. dr .& /'' - r \j; 1 - __,.. c 
Q c ... - DGy = h• -rf,fl' ltL Jf r. Ll,_ r.f~ -t kc. 

04 ~L. I \).£ R a.rc.e r~ ~ o'f; 13-L - • I 

~'71 1-t~......- ~~ <VU_ ,.-:«e, ~· ( l·lf.. = l~ J.) ) ; ...,..!..- <of.>$£, <A..>~ Jj 
t'i.vz. r~:u.. 'i £)(~ ~ HtJ4 ~c~ . or; .. .)=- ~ 

(f "''> ML - .f.t.t, 

si·"'«. ftr. r~k ~ t~ ~ va 
~x ~ '.J ~·'(! Y;_ = (~-2 ~ (2, -1) I C '1§ << 'Vl ~ ~ ~ ~ r= H.!tn;~~..,~1) 

.P(( -- e~ -- (1,-2) ~ ~ t4.-o..t:;~~ -= L.[ ~ ... ~c.~ ~~-~-- rf ~~4~ tfJ>~ 
~-- h..J ~ 1-f z "·/ .b.t:U!.( 

tf.,C. lL.- ~ f. ( (eT ) ) c lt f ~ ::t> L.): 1J3;v: < 0 or'::'> /o- .6:a.b: 
T !( = C 'fo (i~) fL "-" \.2r ~) : ~;~ t ~ L ==- C ~ R.j(~;'Z.:) ( +~w~ t . ;::_ . 7 

L e+L. . • 'g-[, i,., ~ ... ::r.:JQ,_,~ .. ~ok4-. !7 <Ac..> f:O o-..1 

==i> 2 {er-i•vt bt;i..~ ~H... 13-L#"C. -· 
{ 

ip~ t~ ~ (z, i) ID (r, i) ~ (:l, 1) e (r, z) 

..£.-~..p~- (r,-i)e(•,--z)=- (J,-~) 

(A3. a<): L1 ~ (3 - 2.) = (t :) 
!.. I J-~ 

- (A-.Ao) 
Z""· 4~ :w a·· LC 

h.- -v ( f/- -z) I [~ee- ~~i ~~~ ---J 

(A3. t): 
T+ . 
~ "-"" (ll 4. ( 'c~'? _ d~;r' tktn") 

. . ~~-~~_:#~t 

cjtw.. .AJ_,..._ ¥ SJr) ,/ 
*"'~~Fi'\ 

~ H'9V'l~ T 
(~~ j~~ 'VJOu) 

"-~ w ~ ~ !7 ~·CO. 



~43.p): 1.,- (Zce) JTotiJ. - A3. '{): KH (.L-.b(;-d.-y</""-;..fo) • 
' ~ r · - \.Lie. -

- .('i = h_, t"P.J.' ~L J ~'R k T k.c = 
( 

,...,) 

- .C:f "" ~~ ~£' J.; C £~ k +1" + k.c 
I 

= ft' f~i' fJ: C(~lzJ t'L. ~+ + k.c. ~ 
I 

:::p Wl y = 0 tv-t:~ 0-:y :(f of bf:J? ~"'-~/[d ( ku,a '~ 
L I OL ~. b"'- ... 

p- ~·· Q .. _'c.d c.c...... ""\.0~ • 

= z-, £1' (~;I e-;L) C (!$L) ~1- -t- /.,.c..~ 
.(] • '_fl,; . 

= f
1
, fu, [ '1; c e; .• - e;: c v1,L] + k.c. 

~ , ftl' =-- ft'.! ~ J CL. 7 ~c~ ~ ~ 
eo--r ~ J ~t-l:i-. ro "').? 
{. v-~ ~ "j1'--~!), ~, ..... ,- o.~e_ 
~ ~)J ! {Cu. ~ S.Nf' ---). 

-==--""'" · ,4r ho'- 1-Wf 1{-""-~ {~~«) C4.- (1'7 
b.t. ~.,fi.J ll f-h.n< vu J""" ~~ c ~? ,(;.~ 
~r~ 8 -L ~"r b..L (n.FQ..,..-: 

)" ~ T (rrl) '(:z h,- + k.c. (- o if i = +e: 0 
~t f) (z,O <+:>~.,- ~ f-t..&-

~ )( · ~o ..,.._~! . -
·~ if ft :1 tf>t ::p h , - -;. - - ... .. A--, ,-~ 

I \ 'f.,::.-...,_.(, 

t·;,' ~· ,r ~ v:-< J< ( , E 
V. ,;,c ,c c:. 
~L (-( .-( L.. ~R 

tfl c~ .. ~u<:;;ur (J,...,..... of. H,. 
R~fi,·Ni;ilrJ of 

M~ ~k) {.,,(m}-l,f.1.-z.,) ~ ~) 
~~ ~· A ~ ' 

.u~, 't ~ k ~ r~r (_ 8~,~~ r-o.o«d?-: 

jX k- k- k -t+ -t k. c.. -+ ~1</.1 ~-L 

h- , .. ,--, ,-
," I \'r l1 

, .t~e-++ \ 
' ' ' ) I ( ') 'E 

~L 4 lz. v;.~ 

~ ~ttt" to ~ 
2 _...-, 

r!...t. z-&;er 

L. IM.v=fo 0~ -~ z-.Roi ~ +~r: of ~ ~-
.,_ 

• Co"f1E'.., T: _s,·,.,u. fu( iA ~·'>)~~, 
,·r r~ OMJ- f.-l..sV, ~ I-4.R. ~ f 3 ~q;~~~ 
olt.r ML..Jtl = 0 I ~d ~ ~;;- of fi..L 
~ 1 Od ~~ Q.)'""" f-l..L ~-~ ~I 

""''"~ ~ ~c.J ~~ CQ~c~~ fz~ 
~~--koy ~ ( ...._. ~ CM'Q..&•-4 ~ 

( ~ "'J;, ~/ f~ '-otKPR A"S. Y ~k•..J.I p.~:: 
t """'-tl. ~< c.-.~.~. . -- • 

'i ~ 

.. ::: ~·:· .. ;.:. 
- - - -



~ 
llJ 

f Cl ..1 -.A'\ 
'[7:) ~ 
~ Ql 

1 

J. 

~ 
"t 

b 
.. ~ 

1 J \:!-

t_'• 

t 
NJ . a 

j 

~.J l 

._j 
I 

~ 
+. 

Cl) 

l..... 
~ 

~ L 0 --a ~~ 

~ (\j 

• • 



1ft 

B. Le/t-~~t s_, ...... .r,.;, - I> )") 

l~) 

~· -+ ~1..-:-- (3111 z) I ~it~ (11 J,:z) i r.(z,z.,o),. (rf>- :. ) 

t ...... (z,,,·,) I cp,{'-"' . ('l,~,t) , . .". oU-r~¥rtT ... (I,t,o) 

- oJels. 

~ ~ '' " ;?E.., ta~e ovs 

( ~o.cr · ~ ~""'o..£fj ~ '~ 5~ 
VR 
=--.. 

=J>. SM ~CMAA E9 ==P> 

.::=;:> ~ro ........ ~~ ro . m~ 
J". a ~~ =s- J' 

. . ~-. ( b-u..Jc.~ ~ G,. ~) 

~- v..c...-.~ ~ ~h v-~~ . 

ktr~ f>'t- vs,., - 'Jr.ll o/ w.....oLdA ( ..... z'f.,J; ·f: 
~ ~k.J?£ .&KQ1-·'-· ~ rl...Iz. .. ~~ .... eLwq_ ® ~ 

6r.R <d,> .. -v~ SM q>•~<,K'<<"""~ VC :f)~ ( ~ << ~ t<:'<<~) 
(.~ 1 e~.t) -( +> ~ (t< K) : (K , K 1 -J1~~~:,) 

• 
_ tL ~PII?~c. 

- a(~ ~ L: 'fn 'f;, + T.• + k.c. ~ ~: Jj; 
.J. 111 Jt./.' '"'L ~~ ~ 

I l ~. 

• ) 

GLR =- s V (2)L 8 5 V(2~ 8 U(t)B-L 

f 
'W'. ::::- "-" e C . C . ~ I WL ~ (' + \,;r/. • 

t = (~~) "'(12-1) -=- '-"4. =- w.. ...;.~ + : ....... z ("' ~) t = (~:) ~ (1-,1,-i) 1 

e ~R ' I • CbO ~ ( >: ""(. ) 
~Jckl - ~ 3 2? :: -vR'l._ ~'Z. (!I(IC> 

v.'Z. 
R 

<< .! . 

:: ~ '!4' .. ~W:II" ~\[c~~-z.e.-.: i 3-L::,It:/) 

Q = ~L + ~ R + i (B-L) :+ y = l T +(B-L) 
Sl'1 .3~ 

~ c..r ~ ~~ .s.u(z)~,. ~ -===...k.o-1<4- ( biA.r su~ 

C., ~ ) 1 &.4!. Hw~.,< E < )1\.Utc : 4'1;~ =- - ~ ~ (8-L) ; 

e·J · , ~1-L 4a ~ o » .dL = 2 la T3Rf ~ 

{

f14:rOfV(NA '\)"'4 
IJL I~ 2 J ( .i~3o) .$ {~!3) ~ 

\j'J ov 7 
(~, A L • 0 • ~2 ~ .vi ~c..;U..r;:~ J. ,_ 

c;_s .B.= 6. .. ~ SM ~ 5v(J)c~V(1~,_ .:..zp~~= 

n..c . ~ . ....-- ( 'f = ~r = o 
(A i z L. I ZS< ) ~ \ z ...... z 

J !. - t.. 
I 
:, 'Zz. ~ Z.R 

~r bo~ ( Q,c~J o- ~~ ~ J,ro..) -r> 

. -=P 1'1 >. 3~0 r:,y . [ 
~r. :r / I M'#z ~ ~32. y~ {r~ QJC't~i 

? ~ 0.035' I ( ~ M~'-40) 

• .SNf~' : f M"t ~ c Z. ~V 
(' ~ Io-S' 

(b..~ rs...t...o.r-"1 ~~ u~~~ 
, . 

. ~:::,lf~h 



61. IJ,e ",5,~sa\:IJ .. Mec~~utis• ~~ ::P' h~r: ~ -v~ 'I 
o~~~.Z:~: 

i4 toQ ~~: ( ,..,pz'~.u. ~r;taj_ o.J ~ 
< t<J 11 4CC::!) 

,·" · L R. --s_-., ....... 

L:~.k~ o-f -.J~ ~ SEE'SAW 

-l'{ := k r,_ +'IR + ~ tfL 4 ~R + f[ 'h . .,.C(ifi) !f.~ 'f;_•(L ... Ki)+ 
+k·'· 

~ 

=+-

< Ll~> ~ v-~ ~ 

<t'> ~ (Kt<') -t> 

M~=t~ (~) 

m = t> 

...... 
J....k + k k 1 

< LlL) = '\)""L. -. lfl'tL =:- + '1;~ <.< ~ ~ {<" M,lt 

~ 

$ 

2 ""s JC ~ ~J (.c.Jj .... ~ .,--~) ........ ~ t,....-~~: 

(
m L &.,.l>) 

J1v = om"[ MR 

.t.:fr 
m"" ~ m -

L. 
~ 

~-~~~ 
~ -e 1r. L 

-J. T 
IMP MR lmD 
.......__~ 

11SE.f~AW ., 

~~ 

~ rir;~, 
.L-;,L.r 

W) , c:: 
~ 

~ 
t'tf.f 

MN..t 

..e.J ., /.j. M., = M~ (~oar'· ,Jt .r .k ~,eo ..... ) ( ~,_._ : 
:t. '2 'l '1. 

m~ : ""'v. : h1~ ==- ""' : m_... : Wlz: e. }'> t' c , 

~ ~-+ QO ::;> """~-o. • ~._..J,t~ of V+A c.e. ~ 
- ,.. 

4P ..Lj~~ ~ ~~~-

Jl..,_ '1 ~ """ ~V ~ m.., "- I 0 ~vI ....... IDO k:e.V_, ......,. I oo 1'1A,.~v=..;...;.· - ~:;;:;;;; ..... 
• · ~ ~ '-"r / '.~.:.Jl 

-1--f.. '~''-· / ... _.,.,, r...n~, ~ -..,. <"I#PN),. '17.~ \l_ ,__r~..,.;u I""..~~~-~~ 

~o_.~Ve 
" V. 

~~·· e 

.ll-d. @ ~ _.. 3ve 

...,..~c1.c, ~ ~ r_p-...ec.'Cid ro ru f.,.~(/).-JA--+3~ ~r,<r~ 

----e 
~+~·----e 
~e 

b«~ ,, ~ ~-.eM.l/tQ. .. f" I gJ • M{~.)~ 100 ~V I ~kid._~ (/i) ,_.. ~ 
- ... -• - • - ' :r - · • - ( 4..•.._~ 4 ~-f- /). q y-e:rr;·(/ ':r 0( h.MJI 

~-...~ ~ b£&':J b9 ft.., ~~ ~vcz;L - ~¥r ) . T~ 
a.J-<.t I ~I ~ ~ ~ ~-f a/ f/uA ;r..o~. 

,. Ge.c.ay.s ~l NR>~:-
l e-~ ----<e+ e v 

N v e+ 

r 



j;.ob{e/A;t of 4 l-'l~lvv-a(vte5S c i S~eS<E?~; • c. Ne u t..-ireo » 
~a.sses tit &tlJ 

~~ ,:f • 
~ :i <dL> = 0 ~r H...L ~-~, 

'1.. -v;_-:~= () tA ,;:..~GUJ( '!w..rLA-~ a..r t-br : 
""L. ~ ~ '( JS! ( Y Y o. <P.....ic'-.1. 

~ 
~ 

v.; . ...r +!.' -.-:.l)J. 
~ '1._ tll r-... ~ -. 

f ICIV/. I y KZ r~~ -
.,.,'" ~ "\{ ~ I - , 1 .e. , 

~ 
'to et : 

I' l z 
h't .::- ftJs... - mp 

y'- "'R f~ 1 ~.fou./ ~U.. ~-to:Jf¥ 
r -~ . 

T -to ' e>c.o.&. ~:r 
- v · -'# 
~~~ • < lO , 

k.o,.~~ ( - ---- ----~ 

~ r 
. ~ r·6-Rk-.. ~ ~ -s~ " ~~ (4.-. 

~-.~, ~ ~~ ~ !:., { <rr~.: Hp >'>M~_).. 
"~·ff-:Jt; ~ 

~:.. ~ ~ Y ~<'2:.~z. u, ~~- ~~~.ei'- -.fc;..l£ 

H_r r .vcr~"'- -:_q'C.Il - ~e.q,TWeJ ~ s«~~ 

<c/>0> 
*--

¥ <Li;> 
I 
t 

I 

: A o 
I L.l L 
I 

NR 
<~· 

----K ...,.> 

·.';;>~~-~:. ··· . 
: ... ::}_·~:;)}!1 ~ 

.. . ~ - ,.. - ':I 

( ·~~ fa.i,_ra,_ 6u-r:.), 6 = SV(s), SO~~ 

C1) 5 V(S) ~=z4- • SM --~·S~ 
/ ' 6,.- X,y X,Y ~~- g 

24 3~ b~ : A~= (&, ~). • (3, z) +(3, z) -t (1, 3) +(a, t) 

~t e 5" = ( 3,1)~3 T (11 ~)_, = ( ~x (o.. h,-) 

,~, ... ~, u.-"' ~o = (3 ~) 
T .,.. - T .e • I '13 -+ (3, r)_~13 + (l, q~: = 

( 

c: & ~ ~ -14.;""-

= .... ... J;.t. 
.• c 
:-~ L. 

• ~~..r H6 ~ jt :r! ,· c1.l > l ~ _Ms ~ ec''> z.v I (~ o.o~) 

< i> =:: -'ian ( 1 1 1· -1. -.3.) . V ~ M~x M~""' ~ ,t.Vl. 
~ ' ' ' z' Z. I x- Y K d 

( ~1... t~w~F ~/t ) 

M = J..J!:. 
~ 2 Co1~ 

.V 
<ff>=(ij .,. M .. ~ 0 I IJCI ~ ' 

""' 

~ l ~ 
w rP ( r- c-+rc•J. 11z" Ms 

ll(l ..-.~ 
~ ,. 

1-l ~~~-.£"' SU{->) -.~ ~~ .. 
4- lO r~ ~ ~'f-~ ~ 

.J! . .-:;;-Tj<· .,.,l•-



• .Afevtr1l1c fiasses ,n. 5U(~) 
~~------~~----~~-· 

3 
C2) $0(10) .at 

f LV 'T •/:. \V - 1 T q.S, ~eeL e 
"! = ki ~ C lea. H~, + h.z £Q.betle 'f C .J. H + l-...c. 

=> < Ho..> ::- -v-/.rz- ra.5 :;>-

BVT: 

M-4A. == h2 ~ , M,t'"' M1 ~ k-1 ~' J ~ 
'--.r-' 

(} 
~~(J ~[ ""'- ~ ~ ~~ Q,t .fk.c..r-E 

'--.s : ,. -,..... (I"~ ()(3J) 
......_" ~ ........ e 

Wlv a:- 0 ( L~ ~ ~ J;tOt ~ ~ b ~ 
ea, Jo~ ~ ,~).=-

• Tlt. 44---r..ee,sr J rf ?';! mv ~ o ;:.,.. sVC'>) 

~ ( ry.,_,'f lr..o'-- ~d l-t..t f:u~E.O ... ~ ) ~ 

fu ~~~~ ·of et ~-~- H [!:"' s d.= .s,._ ( 4J'"): 

..f'l lJJT ,.,1, 
~ '"'j :r f .IQ, C ';tb 5 -+ k.c:. ~M 

{
n,~ :!!:'+ _,.. 

'1.( L VZ. 

~ <k~ S._l, :J LiL (3,Z) • <: 55S'> st Jt ~ (r!o.j£>-~). 

~.:fer Hi.~'"" 
(~,1 o..r,nE!') 

... -~- -• .-%~ ~ 

• i.r~,~ l-R "J~; 

=p '"IA.Q.~- m., rl o (b"~ ~) 
11 ll • • 

==:>- 8-L f4 Q. :t~ ~ ~ ~ M,-" 
• Tl.Jvu. vu ~gp_ r~ . c~ "'¥ 

ssg ~ 1; f-kt. ~M# ~ -iT~ UD-/"' ~- W... ~- V,.,ta._VE ~ 
~. -

~: -z 

f"" 1.( :::- 10 fb S fJ i (~ SV(~)) - I . -L. V·. - VK (- ( •,•) .., S<>l•{*<<l(z),,) 

::::- (4-, Z1 r) m ( 4-, 11 ~) ( ~ 6a: SVf+»s~t'{<iiJS~ 

• St-c.e. i6S f{ ==- J~ ~ ~2.C!. $ 12~ t-~ ,__.,.,-~ 

:::;> 

Ff'3r ~Uo't. vo.J'V-k..l Q..LR ~ ~ ~~: 

1.0 __. s 
I 

( 4, 5 _, s' llnL IAJ X IA.J 

M 1.4.. == s + E s' 

J.z6 ~ s' 
I 

uo __.A 
_y"-~ .-•k.:u-4 f",&.,.....c..., VE""i) 

[J.~-·"'i $.~.1 ~1&...: PL l-'1fi!(IC)$SS 

r~~(s1)ztZ; 
r r<e21 tn>z~ 

M tl = 0( 5 + s I + S' A == 0( M...... + (!. - ~ E) sI + sA 

rMe = « s- 3 s' +A - c( M ...... - (3 + o< E) s·• + A 

= M - 4ES1 

"" 
..s MP 

y - S - 3E5 1 

• : : :{?l~~J ... J.:;·.:i· ..... ,..- ,.}.11 .-·· I ~ c (' .... .«:> "'\ ,-+ ...... , 
... , - ·- ---



=t> 1.( loL 

• ~0 
z•. 

{s/ ~r~ t-h.L ~ ~K--«i ri- ~ , 
f-I.L ;;~ sues) : ~--:: I.M.l- ~r 116 , 

I? ' • rL.A : rl'ly :: ~-- ( o.r n.s). 

• q12lv. (s') Lc.Lop{..;{.iLb H...u.e.. w...~ ~(;~ ~ 

f ~ J..>.j H~t. A o~ce. o{ L ~ R 

Hc.1·-..taM4. ~~ ~ 1-h.t.. V~ ! 

f MR ""'< sv{1:JL-~;_ Jzl> = Y .s' 
?_ W\L "- < svc~L-1+.f-ter..:.Jz:~>- :::- p.s' ; 

~ ~kr Hu ~ ~ ~... ~Ci~ f't.-
p"t.&4~ tA....L W\.~ .,.-<-f~ 4 
,._~ \)~ ~ £c. \l~~ .. , ~?! 

~~~ tp,;,~ .. ru. "'~ ""-" 1--k ~v.- &4.4.« J 
J - -·- ' " 

~ .. 1 · f-fJ. i26' ~ o..~ lr 0 -dM 
- r -rf~A'CElJ J r 

ro~tUe ( ~ Le.. 1-/....t ~_:_ :ScJ}:.,)' ~ 1 JO 

~fR. ~ ~l;l~ '3. ( ~o. 1-l..R.. 
Wl~ 1-t.u~ ~ ~'}( * <r6>, 

' ' 

C' " "" ""' e "" t : 

' !( r ~ 4 ~---~--

M ._ iso .,...~ J -11'1 .., .,. I w L0s;' 
"' (, l. ""' Jo ' ., r. 

(R) ~"1ft.) M6 ~~ / <! [ < \ < 16, 

N~e ~-~ t' 10 
Ne ,_ 

c.i1v ~1<24 k-..t - ~-' tt> ~ ~ ~~/ 4v ~ 
~: 

)1 ( ML .. Wl.D) 
y ::::- VY\; MR """' ( f3: ' 

ml> 

Wlp) 
"5' 

I 

=;> 
l.~kr I I l'l'l? ~ f.>. 5 - y 

"T"ti/r-~ 
-! 

""""" S' .., r D p 

f 
·~G..t..r" ~ 

'*'" ~ ~,_J : { 3 ~~IJ \)~ (~\{·a.) I 

3 .-----rPL ~ \1/4 ( ~ 'Y,R ) • 

J3J ~ i'IB ( 1AJ.i., t J;~~g~"' S. R.1 xkd •. ~ = Pr.. 1'1f8 f$6)-ws-:7 
~fU,~~ t-c..,. ,~ ,. ~ ,. rt(I/12:. (111 u2. , 
· c, " ~t s-r.o~, :r.,s.R,s.J r~J22.!.(8t> zs?i, 
~ r'"'k.l. 51NGULAI( 6tM.~ 1 GtA&.f/odC..;,S. R., PL ~ (JI) 1tr . 

s~E.SAW MMR ='irkts' = o , u... ~ t!.S1~T ~ s.oct~:~)-

!~~c.L.-$~lc. .. c.-~. r~, ~ ~r ~J-':ii.t 
t~Q.r t-w k.M«' ,J ~ CDuiW .ay~ fl.L 1.7 ~it 
S,'J~cc..... ~~ 1 Q.N\.. "~ ""~"' , ~l..<>scJ- flAk.. 

:J~ iArt-.c. ! [ 5..u ~o, ~. J:, S.l?-1 5., Vd&,. M.J. Ptt.Let:sr:~1j ,. 
Tk ll~~ry '4 of M~ 1-f.£4HCD( re be dr~ ~ fu.. 

G-~AI.J;I{ ~~ ~c.~ ~ ~ ~er; 1'-k ~. 9..-v.....a-.... ~ fL. 
(:!'. ~· .... ~ . ...t . d' 

~~ 17.:. • .-,~<.L.., tJ.M:(f~/'FRrr~sc.ll ~ 1 tM- t"""K~~ 
'~ ~ I ,... I I I I ( ) 
rf · ~ S = 0 «:> .533 = 1it 5 = ~ ~ M.t- .... Me = o 

,.._,., ~ M~e ~o {rr- : tr ~ r-4t = ~ Mcl :::: ~._- ~s :t.'?\1 
t~ M~ / "'z-- '?-i'CAC.e . ( -, c.-~, 

H,.J ~ .,.~- r {e..~. fr·-.. ~GE..)- 3. o . J ::;!. h--·z -t- E-_.·. 
' J f e.. ·-kO•( 

-b- t:_.. L/.~ ..a .,.C: . ,, .. ,.,IJ. . ,. p__., ~ U. 41..11~'"' ~~ I •I •. ,r .. ·.•.J 



. ~ er~ ~ Yo 4)k-av" ~r oler )7/i:. :::- 0 

~~ • Co~._. • ._t ~ ~ f''tl ~4~.,..,~t 
( ~ . 

~~" . 
' ~ 2 4v.f.~Yt-~/j" v 'a, 

~ 2 ~F-~ V~ 

e 
2 ~te: ~Q.ie-~ v~l' 
~~ ~ q,_ M.-? P!AAc. ... ~ 
{ c-4'147 ~ct:ul ~ H-L vr -~d[o~ ! ) 

C3) E, ( o~ .._ ~~..a.r =....--.....r) 

ter-nu:c~s : 27 ;:: 1.6 + 1tJ ... ~ ( .;.~c··iJ - = Cto-+5+~) + (S'+S:) .,.. J. {o/511t~ 

=:> v'1.v ~ ( s-~ x s-"l-) 

Jl ~ ~c:~ 
~ ... y~ (~ (~ ft 

~--e-a~ 

:::;> ~ ~( '-J r~....,.:UL rq_~~ 

~a.~~?J ~ E:~- [sv{:r)]
1 (~ ~ tZD'- S.TRttJs) 

21 ;; t~, 3,1) f9 (3,f,3) e (},3,3) 

( ~U.) G!;(..~ (E; E~ e+) ~ d E Eo vc. 
q c. J. ti 
" e- ...; I'\. 

. : :::J~~~ .;,:"·~"a,.m;. 

• yl4,· ~~~0"'- ~ k~~ Cl. ~ ~fL.,.'-'._~ 
,___~f:i:c. ~~, !'<v ""' to-'on ' ~ ~ -1o-eK 

• 

of H-.t- f)o~ ~~·CAD fT..o~ ~e. K...t_ V 

~"i .JLir'·'d = ~ .. _. ~ ~ tt..L ,__~ ~ 
of JwU. ~"'-- . 

Re~ ~r --~~" _1-'-v Y ·f~'~ o~ 

ft. t?~ c:...A£-~ j Pk. ~ ~ ~~ 
off-ol,.~ot.e.d lo. ~~0~ 

04 

r~')· c·o~j) wit ~-0. 
r~ ~ ~'<~~d .. CAA~ 4~~ 

"~-
• JS~ ~~TA£, ,, .;., ,t.;f!.a...n- 10 p-~ ry ~ 

~o,.,.;.._:'(J 'l ~ My : 

v v 

"' 
V v 

mv == gM 
t t~(c. <&ea«! ...:.tU-&r 

c.~.i..·ft~ rf ~-I~-

= JA'v = ~ 
M 

I 

~o 1-l:.Ar; }kv --v ~ l'f\v ::::::- ue . 2 ""'.: ~v N1. I . Mz. 

~ r M~ (00 ~I r~:::: {Q-ID_ra 9 h,U.t;/~ ! ~'t.-~~~~ 

~ .. ~) 
-- :~ ·~~!:/. 

! • . . -:!~~~~-/{~· 
· r ~'! ... . 



"!!';ll -~ 

A V • 11 
Ji- ~~-"'- ~~ tk Vot..o..SH IN w....o~ .,~~J-, 
~~~OCJ t-'....e. 4~-~ ll CVSTol?JA L. w J'--l..-A...~: 

• c:r v::..fi.o~CL-1 ~ .suCzJ" 4':1~~ , '-'-~ ~ 
" t:t.-ul kl ' b...t..l!od 10 ~ ~ ~ .Lo-ivfll.l, ( ~ ~ ,. . 

t-W-. =- CL lJin.QC ~ ~ 'r'L.. ~1~ Y Q. TRt&.r 
~ 5V{e;),. 

( ,.._;w.~ mQ.,b ~ m bO... ! ) 
bc.c...l: 

Q. Ma,rt~ ~ /A-v · . il ct $I N 61-V:, 

( ~ /'b =-}"-;,a. ! ) 

~ t~ it -~ tl. ~ /Y (~t...,:eh_ 
~ SvCI)v -~r- ) 'tN-~ ~f/NIM~ ~ 

sut~),- ~~':! ~,.., . 
( .v<o......r.Jlt. : ,"JijJ:;,f,.u~-a- of svcz)v ~ a..- ~ 

~J. e.;. ~J~~ ; -·'lii tt... ... r H....A ;A ~ 

r-f ~..£ "'J-~r; ~ lW- ~-_·r '-e~'r>o 

rQr(,~~ ttorhh: /(b.!-- Gr~-" of ~: 

·. . 1 

~.,- ,., ~ ...... /-
1 ' tit 

I ""R.i I ) ': < c"' { ~,_ 
"-~u. ~J J.. Kj .ec"j l.J tfe~ 

( s Me NR. 5 h_T, 
b-4-t ~H., Q,. 

¥- LJ.I ~Jf-4 ~ 
.M. ~- fo., ,~ 

B-L) 

·.Cr' = L (fJ 'f:..~ c (,· Tz) YhL h,i- + t~ N;c t.~,R l.f) +k.c. 
a.,b 

{ f..~ -- ~~ ) u :: f.~ f: ~ ~~ [..&. (!Ji)- JJ· ~... -~::--:i. / ., ~ Mt: ~ / .,.. -- -·- - -~~ 
- ~~--- " --~ . ·:~-=~~ ., r.., '\- ...._ .-• .... . ,n._ 1\ .•. _. __ ..., __ - ~ 

--~·· 

.N'evtrino ·. J1.asses :B!!,.J.. 
t~~ ,StahJ~J~rl .JtoJel · 

..loo. 

5. RaM/owe (f(. A.L) 

.. J. . 
2 ru·f" (.3 J"uo,e 17~ j X.~.L): 

• 
&) VSM o...u~. tLse 11 keV ~ 

~:,) " Fl,frea" .5vCs) ~ U(t) QMP/ 

Su(4)®0C4) our ~t:&.eJ. 

tit) :1~,~~-~ f tk ,f,..st.r 
-r~~~~ 
~ ~ ""- SVt'4.)e«41 

Cl.AA-111' ~ ~--

.. ,:g~ 
_::~~~ 



~ ~ 

, , .E>eoa·~ 4' rfd. ~~~ cf ~ (z, Z)0 t~ ~ ~ oT 

!). J{,ut~i•o J.f.us~ U., t~e 
• UNIVERSAL SEESAW' t1f(HANfSH• 
( VSM) 

r>J) VSM: 

• ..)-(o fi \I;~. ri o lit : 

A Jtevic!W' . ~~~.,~ I VG,~: m~~;J· ._., 
~-:S-i- 1 W: PRlXfi(jr:>)zoB 
S-R., rfCDt_1~1fJ))Sfl 

~ 1 ~ ~ ~r't.~ .. of flL EI , ~ 
~ wr t/r.lul o_ ~~r'? _pcl'~..c-... ~ ~ 
f~ ~ .... ~ of Gv?:J , ~ ~l4! ,a, 

•i Hu. "F~ .. "d.~~-<- { f,..,/#'Y~ ; 

2) 1-L. :r~eYa~M«{ 11 r~~ ~l!.t=.t;y. 

t;> V5M: &~ ~ t~ ·~QAv·· t~ t-at£ 
~~ ( ~ ~ j; ,~z.. ~r, 

~.f << Mw ' ._.,.;f(...T tu ~ 1 J ...,r-AR( 

Y~K~~ ). 

ne ~ ~.~ . -~ ftt.,{ .fR ) ; k .... r fu ~~ 
yr ~ ~ ?~l.. 1--lt. w-.:.c,·~ ~~.-~... K-£ ~ ,..~ 
r~t...(I(.J. ; 
- ,L't = y~(. !1. cp,_ DR + )'~'" ~L i. UA + cL-[() f.~

+ '{ eL 1;_ cf>t. ER + ~(.~(_ 4 ~ NR + ( L-R) + h.c, 

"" r ""' T 
+ '[Vt..i,_ c(i7z)cp,_ N'- + Y..,R lR c(i-r-J 4>R NR +h.(;, 

+[l'11 N'-Nit + 'f1 N,.rcN'- + Y"l.NlcN~J ~ +- k.~. 

;r [ y V iZ VR + Y, ~ ~ + YE EL e/( J er + It.. c. 

~~ ' Q.f~ 1-4 • ..._-~~~~., r{ ~ «j~ fo'Rw.QJ! et> 

<f'c._ > ~ -vz_ << <cf>R> ... ~ ~< <er>= X 

~: {e-J· 4o-r. t-1.(_ ~~ .. /dN), 
- eR ER 

Me = e,_ ( o ~ 't) ~ ( o L) 
Et. ~~ ~~ R X 

~ "'• ~ (~) v~ <:< 'lfL - H"' ~ 
0.~. 

• "1'N. VSH ~ b~ 4M... L-Ie ~~ 14~. J,,._t- : ~ • !M~ "-1/C.o(."" """' ~tl << Mw 

~ JooJ. ./Ar-e-CMA.Q~ r (-W, ~j~~- Ql f-u 1~1 
~~·~ (~)~I ~~j-~ 

11
V5VAL" L-~ v~- ~o~;·-l _ \1St1_a_ 

f !"'~------' f~-+- ..IX~: 
tr~~OttS - .)l'! + ';i(. 

: g_L(R) I iL(R) e fl{,R( t,r~/3 I ~/r,r]7.1 
H ~<'! 1-+-_..~ l L EL,R (1, •)-~ 'N~· c•,•> • 

..........s ~-... : (.-.d.. ~ koc-. ~&4 ,11-- ~--~ ,y.:'t'trr~ 
~ £.. S ~AW ): ; JiiJp - ~~ {.txt o.f SI!): 

.J...r77/ 41 A ("t r) ~A (I.,, ! ,.J... "- . ........... -I."·-"' ""-'· ·"' ~~"' ··-

1 ~~ k~! 



o~ ru of~ ~ , ~ ( ~ ~fiq<.t. "f) ~, 
"¥-,.. Vlt N~ NR 

v~. Q - ~ Yv..VL . i,_v:' { m ~ Y Y '5: v"' :v .,.. r.· v~. '\.. "" x M,. ~ "' · 'i.'' · ·····--:.~JL . l«'A ~ 
T - 11: y v." X X N~,. .... L ~ lt: I ;v '1/.:l:. 

-' """ ,...... .: ""' V. == Y. y .:z. N 1.. ~ "{ y~ 'Vi : X ;(~ R ~ V~ X. 

~ ~~ ~ "-s~ ~""""' ... {o-r.~t...: 

t'Vi\1&.. IMVR 
z.. 

:::::::. ........ 

~ . .r 

~r~ U!!.H ~fi.., ~p. ~ Lj~~~ 1 ~e~ 
~ ~~ .... H.U'rur tD M!.U ~~ tf....t... -4~~ 

i-g.f '---y- ...,_....:f-"4 ~r~~ .,.._ ro ""'~ . 

Gr~rhic.atlj : 

1{~ . 
• 

1i 
~ . , ~ m ~ y~. ~v-!. :r 'F M F 

( f • e, ... , J) 

Ff( 
v-4 

• • 
' • . 

H.-; ..)( ,r,l.. 

M 
ila I 

N : 
I 

c 
yl( 

• hi.., ::1:' 
l. 

~ -~ V' 'Ul. 
J.y ~·· M-,.t 

(m...,«:: w."l (L.~) . 

f~~.e!I ~ i~'=-~-. U$H \ 

I'Y\v < 11 "'V . (~ { M~ ~ Jo
6 9N 

lQtlt•y < X.< lflll~ (~·-Q....:-. >e-.&)] ~ > LS" ~ . . '· ··-

( -,. • rfN• X•ro~q}·.'-~~;f:: -~:. 
c. ~~ . . . ~ 

I USM '-1 ~ ~k-r ...._,.;~ Hd.. ~ 0""-

.$P_j 
t£..e KH (V.fA) 

(~) ~ ~ I ~- f-lu. \X,{-WR ~":: 
a~ o.T i.-Ro; [s.R., PttPi_!(1o)ur~J: 

'lr.* "'it L , v. u~. ~ 
- ~' . ' ' , 

~ 
~ 

, -... .Jf, !). '11( ~ 
'1r I{ 

I.. 

u M • . vLr•- G eJ.Je.~A.Ttoi-J v-s M: 

r ' . • . ~M.. 
T f-~ s t'1 t-1~ f~ ~ r;; ~~ 

~~ me«tl <M~ 
I I I 

;,., p~ us 17 H...£ p~~ . 
1.4 : 

\;(/'./ Y' mt ........ Mw 11 
• • 

=!> i/4 .-jq(.,._ ~: "Hotr'l.ONTAJ..
1
l ({"O·ud:J) AX:IAl.. SYMI'1E'TR'Y 

u ( 1.~ ~ u ( t) PQ 

L Pecai-Qv,;H...., 

~tt...·cJ... f~ N ~~~,: ...:. 'Fer~ 

tf X ~ (~ ~) ~ f~ o~ p}d ra..-! ~, t.A-\.,- L:f-~< t.., ""'r.-,<; 

b""r ~"I X:: 0 ~~ of Hc.l ~ "J'---. r ,..w.._..' (R;), ~~e)", 
~ ; ""-1 .._ L .._Jtw ! """z - R • 

=P ~-.;:.l:"":....,J ~ ~ ~~ c.:., H...t. ~~.cz-~ ~ 
~~'t£..! X tc ~< SIN5ULAI( : J..tX:O ; i~ c'H ~ .. 

tt,w... ~ & V{•) "'J-.,__ TO ~ AXIAL ( c=/ ,-; ka:J 
~ u .. ~ .. d';.'k·a.f"' .t.c~t:~\4c.f ~ if.t ~/ ~ k 

~,~c.~-~). 



• V (i)P<l ;::.p. t-~ ';i, lA..~ " of 1-kt.. rk~ u;r .4-L~~: *.: 

(
,/..f) 1 f- Vtt)-"" (~ 1- ) -1 fu = ;: ""' (z,.1{ . <f::.~ ~ +~ -(c:, 'Jt 

~ 1 ,/... -J 
'1"1\t • (1, 'l~ / "t/tz..._, (1, 21 

~J.i vev~ : 11i1 1 1/i.:~ ; -v-~ , 'V~z 
t t 1/z ( (v;., +1JLr.) ~~"1) 

~4 ... .-r.-•"!S: {).~J!tti ~~. o/ ft,rfr4; . 
( 

I -f t ·~X • ~ I 

fLu.)- e- ' !.C.,~) 
) f,: -+ e :t ,·~:1: F ,· l L(~) ~tR) 

x,· -f- J(j ' jt. '¥- :J.J· h (. ·::; )• (.:. o-s~ '{; 6~ et /oct:/ ~o~cn..fiQ. 
~---·) 

.BJ k-Fd • L • .._.,; "R.. J; ~ ·F fti;fTUCif r , r ;~ 
~ f..J...L rfC-c~~ ;.... ~ o; .. q_ '"-~ ~ ... 

~te:c. ~ l= x!? ..._~-~/... "'-5 -/fo(./:4 H..£ 
-fo-~ ~r f-k..J. 14.44.~ .. ~r-..-X :s . 

\)(4. ~ -~r~ [o.,s.~,Vtl. d,·YUc~j S-1?.
1

ftJ1 r~..e j~ ~er-r 
• r - I 

obfi...:'-·;} ,.~ J<H ~M ,;., ~ af f1..L 1-~~ ~ 
r----r ;----( 

J. ~ ~. 0... &.c.1r:J . c-
,~ VC ~ r 1- -J ~ j 

v lik,$ t,c....c 

H..e ~ra~ 1 of ~ ~r~~~ of r ~~ r ; 

r vt-• t ~ ('{b ( · ~Gc. ~ 

1 vt-sl ~ rvcb I 

•• • /)2) T~e Mass- H;e.,-avc~l ]'!VZZ~ -. ~ _ _, 
CM ...... 

.- (e. f~7~·a... do S.R.: NrB>.:M1.(te)f'l J. ~ ~· 

• ~.e~ $~ o{ f-{R. ~ ~Q.r. .Ry~ ~r 
~ ~ w...t~~ c.c~...d...2J r; ~ ·et..."q_"" Jc..z~~, 

-w-f-'vl... ~ 0.. 1_~- ~-;fo-;- '-'--"* ,_..~ f 1:1..1 ~~ 

X• M.,. :: (K J I k'-{>(X) 

o.) c~-~eJ Leftott,.s : 

M~(OMj (L~ .t ,~' M : l G.L (~"')-" HR 11 . L ..t. ' f1Rzf1.(L-RJ i 

M.,. " (I< I<) 
LcY..(~ ~·Y.11 

)C. ::c> : ltJ?r e'diZ: 
e vt .r 

K = ~1 A::: a. • ~liS I 'f..e 
I t 

~ 7 Y':.s/'t: 

~ M.l ......r ~~ ~<~ • c:~ ¥""" ~.#.d ~ 
- ~ t{..t. ~ of~;~ 

• f 
:oo Se c.. v Ca. V' 9. .: &-< ~ 

( . s- 'l. 4- ~ 3 et t t ~ 4 1:. ~ ~)~ 
~ - Z ). K -t ). k - .,\ K te (J -i- et ) ~ A 1< K L ( t~4. -

- z:~ I<~Llf.Rft.(ti-Q.~)(z«<z.-tb?.+ect4-)+ L~r<6~*=o 

- ~ ~ b.l ~~ ~~~~ I ~v.--."o ; 
W\e = L: ~'!.) I ~ ~ ~ fl (z:ca.) I '--r -:1:" ~ L. 

- ·11 . ~ t) • .r '- 1:. V I . . -'tl-.; .- .. i 
~r C;J·t 'l:rl ( l;._ .~oYeS ......._ ~• r: ~r&l""~;~)-IC'-! ~.-~~~~~~~ 
/ , ., I r ' • 1 ~ • • 1 • I'' . V "~ . . f "\ . • fli> ..,_ ~ •• ..; , •·· • · • 



.) J(..,T.,.;.,.. S•cf" • .,.: 3, 

M...; ( iz.dz ~IM.JAM.rt-.~ ~ ~ = 

( V. ~ V -ye ·v.c: V.c ·N N e... 1 ?-L , ~ ; e L. , ?"' 1., r: 1. 1 u.: Z&... N3L i 
Ne c c) 

I Lr~L./"".JL 
/;_~ ~ ~: 

~: 

(
0 Me) 

My = MJ" M"' I 

M"= 

JL cl 
rlL L: cL bL 

L Q.l: l,l eL .. ......... ; ... -· .. - .. .. 

R 
cR. : dR 

. bR;J.R 
bR e~ ~. 

~ 
R ra.R 

tJ...,. .• , "' ~ y~~ -..A~Od) 

h,k: 

M N ~ I· hi\ . . . . . . .1<. . .. . .... . 
k 

k _:f...k 
! 

of~~ HH i.d ~k.~RA.t 

~ $elc.c.t.·-~t;w ~c;~ of 1--0 .Lt.~ 1 Hfl': 

• ~ ~kt, . .L:~t- L- o =t> ~ (H..,) ~. { f~ 

iz) T; 1 -=:~> [ L- 0 ~ IN1 - 0 i (.~.: "" -c L 1· 
•,~,3 a,l.13 r 

• ~ ~t7 R- 0. "t.~lc ( 1'1v)_. 4
1 
~ 4- ~-

~~ = m,_,o If rl - O{k) .. 

~ Tkut 

~ ~: d 

{ 

A r ( i f 6 it r a 6 Z 
o1~ ~ Tcz. K L : A11 ::::: Tu KR L .1,~= Tj" K R L 

34 4-4 ' I L1, ~ f, I< R ! .18 -:::: fg K K I 

~ +-L.t. ~~~,_ of ~ ~j ~~\Y.j ~ ..... 
~. 

~l1./L1 .. ~ 
1. 

141 1 '"t. IM.J • _. l:_ 
W\1 ~ + ... 1*3 ..... 1,..3 I< 

~I 

Llu /L2 '" ~ ~~ "' ~ ? ""' '""1 .... '-"z. ._ ..1 
IA4. I + IM. ~ t- """3 

..... L. '2. 

Jf. tl.n.... - ~ ~ ' m, "'"'z....,.~-:E_J I< 

(
,, 11 "'\ 

_-dee.saw ~~ 
ale:/ ~1 =- . ""' L.~ 

" 
""• + ~z + ""'..J 

J 4,/Ll, ~ ( ~ 

( ..112 = dt..r M., 

-1 ~ ( J f ' I + - + -.:_ + -' + ...!- ) """ .E. "'3- ~6 ~ ""'g k 

....., R(L( j 

( 
~ 2 

I ~~~ M4~~ 
\ 

J -b_ ~ = ~'tts ..,.. 1¥1 6".- ..,.,;t- ~, ""' R 

L --- o.-.J. 1+-L "C.fM.LQ..A. ... ";f .E-t = h-1, - ..... ,Q """,.,.,, ,.., ~~~ "" k 

..,.,_ ..,.., . <rc...,,.,eh.t: tkt. ~r~'-;1 ~r ~ 1-{,_ ~~ 
of ~ ~M-~ ~c-':J ~ ~ ~~ Lj~r ¥''<11 t;:·!;t. 

C-G'-f~ t; ~ ~ Ql?~ ~ ~ c~p4 

~~ ( '-~lr << '--~ ) ·1 Tl...A i, ~ IQ 1-lu. r~e~e.. 
of ~~.. '--4.1-f ~ ~ ~ c...c.o....~ ~~~. 

• I f~e~c "'" kc {oJ;f ~, 
• e5J f"''"•O.'tA.: I .f'l..o. y~ e-o-,(_.:':? ..:... 11-£ y-~~ VI:R. 

~'~ 1 b...r" ,f ( ~ ~·--r--~!;J ~ ~~ (-£..,_ r; k 

of H.J. "'~ ~ ~ 1J (c-L.~ +~) -.,.5'·tQ -.l r f~ 
= 

L?. '\)"; ~ ,. IZ 

~e"' wt~...., ~ ._, k ..._ y~ -t' ~~ ~ ltJ'jV<'X<lo.i 

3~V ~ . 
L f_ H.Jl~ 

L. T' ~ P~- l.- ~~v .:. u_._ ~- fO't.. · 



/) T~e 111<eV ...J i• t'e VSM : •u , 1? l<'eV Si"T.s-. H.~ Tri·"o : .;, 
• Tk ~w.;~~ 4· 1--k rornr:::;~!j ~ ~ cp~-~ 

f-1..<_ f"kj:~_M.;.. - r~r~ ~-'-<- c-r~A (~ ~~ ~oq_~),,·.~ 

l:j /Y,J ~ ~~ (c:e ., ~e-.oUMJ ~/f.:.J 

~ A~ t; QM.. JN"rf!~1U!!IIA T~' 1'1A$S J:;f~/4.C V-S.T-1.1.E. 

' ~ foJ; H4 ~~~~~: ~-, t * .! c .: .. l.. =-- :#'-. ~ .i 
~j 

c~~f£.,. ~ 

&.~ 4~ ~ ~ o.fM)I ·· 

.£1, ~ {~ K
3 

Lz. R4 
I 

d - r k'1.p6 
I - "tg " • 

• £1,-~ Y L-o * ~(M,)-+8 (~-c/fJQJL-.0 

~ ~ ~ (~.,t,~,f) 1lco.&~ ~)! 

• tt-, 'J.r- I ,7 ~. ~-o, ~ Rc....J<(H\1)-.4, ~JMt;:';]- t-U 
M~, IIC R 

7r•t1r1 I ..,f,ro,lf,l~ OC: J( • 

Tk.-., ~: 
4 11./ L\ g = t"1 1 "'11 ~3 m4- ~ t.'" /Kl- ~ 

~1/4 -
t;,/~~ ~ 

(a¥- K4 ) 

lok, + ""'~ -+ lok3 + ""~- k l..'lKZ. I @ 
""s Uol.' 144.~ ~, """ R "/Jc: 1 @ 

(;pc-..~~ ~~ r<.e. .~:.~er~ ~ i1 ~ ~UR 1o 
H..t. v-~.u~, ~ 

4 ®,. m, '..,.~ ""' L/k ; "">.· ""'~ ..,. L : 

J,J ® ~ m3 + ~-r cc.«.ah I.A,r t. - .'('l,~-~~ <:<!.. :: r·~:t 

~ /~ ~ \)'~- '~ r..o..rr~-75 ~' ~ \ 
l:.___ -t:ff~r.~ ']::'~ .. ]O..[L • ! 

T~, 1~ <V ~ I~ ~ H, = c1! ="I .....c. .,.UicA._ ?_~ ... .tf.:_ 

• :elf\ ~ 'VQ l~r;;,f'f ~ !1 kW' s,~oc... -v ~ 
nr ':"J": ,. ;J. "1 

Qf.V'C. ~ 1)-r-9.-4(.. V.l,lf. 1 ~ ~t k~ : 'fV 'V {O-

( lM, ~ 1.7 KVI ~ Yv · -z--z_ ) . 
('C"} 

• F.vtJ-~ I ~'C.c.a. ~ ~t.Jl : ~,'2- ::y ~ ..... CJ..) I ~ ~~ 
l'Q ~ iiL Msw ~ f-4.t. ~~ { ~ ~ , 

lo¥\."- _ ~ 10-
3 ~v, ~c).., .,~ ~ X"--"' ~c '- w'~ p_¥' (c-

,,1. / ·~-------"'-~ 
"""'~· cW ~ f't;;Z -~ ! ) . 

o~ f.-4.t- o-1-~ k~~ 1-l.R ~ ~i£"' r.c.-.., 'I.- ,Q -e.V, 
~ ,,~ 

(.e. r f..-l.L !Z!J_ Mt. ... " ( ._.....Rd 7~ ~ 1Po ...tee...~ X 

~ So I ~;; fV/1<' _..Q.o 4' { V'"~""' 6 • c"' 
9 ~V )

1 
.._...L pr J..fJ_ 

4roflQ~';j "'-re~:: 

~-M~ [k~] --___ ___j vVe~~-~ .?r~e~--
L~/K-tc/~ 

L:::: t1 

'l. ( 
R7f<=::3·10 

... ~ :::: ~ e -v. - 1-f4f9· v. Y,t et. re. 
vl. ~ v,..,_ 

v /.. ~ ..L (~e. v ... L+ ~9-~j±!w -~ 
~,T n <- zr« 

Vs~ ~9-· 'YeR- ~~-Y~g 

V'~ YrR 
--- - - -· -- ---· - ··- ---

R ~ t- "'t- v1a-~ :1.;( C.a6'ir· ~,_ + ~e-~'t~)*J.(Nrf"~ , vz .. ~ .. z 
- - - - ------ . ··- -----

~~~~~ ~ [(!tJ.cN,~±( N31:- Nlrc.)J 
I 

Y
1
rtl: ~ t [ (1-i,L t'N,IIt) t(N:!L+N.JR)J 
I 

K~w' 
I ! I 

r ! 
• H.., ljZ 1<;,\/ \i. 14 : ~ ~ Ji ('Yl-t-..>'f) := vrL ~~-t" ~L ~9' i ~g .... . 

*i'a'ffl~. -.-·f.'..~ N. 5 ("~-'-'t,)/rz =::(JJ&,_ .. N~tt)I.Ji .. 
~ 

* 



·>' '{L ~ V',- ~e + ~ ·1)1,.·14.e-
,. .. 

'V - ~) r'- - vz. 

)/~L ~ - ~~ · ~f7 + '-'s -CD') 9-

croW\ Wlent: t-It£ !1 !Qv'- f'jr y....ecr~ ~J ~ 
~ ~ ~ CA4t. ~ if r~ t-,~av ~ 
~ ~ ux4~, it"~ ~~ ft..l.~ 
'~ 4 cJl ~ ~ HJ_ ~tiN 
of r4t. ~u.odef_ 

~-~ J.lloJ CS: COS}-tQLOG)' ::«> ~~ 1.5'- lo12~# 

• 
• 

v5 - 3"Y 

"s~v'l 

,~~{,...&_ o'-fy ~ "lO......-.,. ..._o~; 

~ ho '3,_J. ; C.:. ~ ~ ~-.T 
~ ~ .f&.ck of CB/e ~#t.t:;:O'k. . 

• ~- v :re t'r-jen, .... ) :.,J r.vw,. c ~ 1-l...t ~r (!o .. · D4.~ 
1 

hc.J":,. 

-·. ~ ~ ~ ~ ~ tA GL 
11.bc.J.IJ 

4Jw.t..~£f:!:/~ S Pf>fJ.T. AN I! WS L. Y) . 
~-· ~~ ~y ~l1?t~ 
(g_~~ bd.J~! 

~r-~ , ~ ~ , V l!)Fa ~~i~. ~ro-~k.A!J 
'~ by <o-""> ~ x. "r .... wt.P-tPcc~, ~ ~fvz-
~ ~ lG q,.o.c_ A X I c '-l ~ A = -"j ........ !5'"" I -w--l ...... e.l... ~ 

~fu TO K,{ k..~ 10~ N,,3 ('k.•a H.,::.- (tc:"·~J ) . 
• ~1'1~...:__, fi,o (_ f'·1- H')r) lt.~ ... --M - ~:; 

0 ,t. 0 0 -

......( l~ .;.'t.. !t ~ t A~ ~1.. I ,..w_ +..~. 
r~ v-~/x~ _o'f~ ~~~ ~ .. -.. : ... ~.c'W"' . rq. 

.. le ... .4\0t,.-~ ~ lM ~ , .. ~. g!,(_ ~ : 

J -
'1,..£. 
~ 

./A..-1~ 
,. V:: 

' ~ f( 
I 

l } ,.~ > ; )' ; 
{ 'f< F!. .;~ 

'Vr ---A 
~' - / 

• - ,.y;. 
r~-. ¥ IC ·H I 

~ 1 ') '( ) I , 

ft. f#{ Fr.. fK 

+ 

2 - .., 
y "l1L ~ y ["I. {A :r _1 .f~..-f A .. M~ "S" .X ,::. g 

~ 
....,...{(, .. A 
.f y .. . . 

;< "' .., 
\ " r ~· . ' "' 

l l ~ *~ }i 
-eL F,c L. ~ 

lt I<V/ v ~: 
t. z::. 2-

?(~ -V_ .d)_ .loz w (J'f Hi.) ~T (;;( ) 
l':L CL ,., - --;:::; Y'l{ "( ~ ......, ·;:::; :: 

&1. b. ~ 

t 
~ 
"' ... - 4 ,1 --.. -

r-. 
~ :li, > )( ~ I > ,._ v 

"~c. N~ eL 

• ,4~~: 

17. ::::: ,_ 3 . I.D ~ -

1t... ---4 
".1-lt ~ ' Y'_ , • 

"' ; ~ : ~ l!«t Jl. ,. I 
- ~f(., t.., 

Ye R tJr_ ~ '-

'Z' (V'{';((_,. "'e:. 4) ~ l' (\Jn- '{!.A) -(:Ye,)~ 3.'8. ~ ~ r 
vt'R 

C' ( "ec~ 'k" h ""<' ("'•<- V.L A).(::"~:)~ 7-l·..,.-...., 
)
~ 

., 1Z' X X. !:.. ~ 
'Z'" ( ~~ """? v~ A J ~ ;;::--- f;r.. I_ ) = ,.. 1 ·~ ~c 

~~ \ R ~'-vrlt • 

~ ·.:· ~~:L'~ 



.. . 11 ar ,.. M ~ -JVtvt.~i"o c/ ·Lass~s ci.t t;.,_ · ' 
!Jl;rreJ. SUlS)0U(l) ;}..J .w. SV(&)Iat2N , 
6 UT J1QJ.els " - -

T""'- f 4 cvc.t ~ ~r;;AR ~ ~f'r~~ ~ 
v-~; 

... ~., .... 

T~ (M.O~ ~ 1-b ~~ .te.~~#-::1 l:J f-Nz--
5UrE~fcrr£~'i'IAl. ( ~ .. r::;~f;··;t f-L, ~~G' d._...~ H-+-H): 

[E.~~~·"' & S.R. : [PLB(fZ)ka ~L PZ-OJS" j.: · i .$.!(.: RAL 1l-0]/1 J 
I 0 / !!,!, af . ~r . . CrL~{fl) 

W.):::: '/.. 1 FFk. + 
{~, 

+ ~ iHit... + 
).~ F f k + 
'">.6 F H cp + 

- ~ 

').3 f--! h.. + ~ Htlk + 

~;r kkcp + ~,t11 
Gehev-.JJtes: 
5~ f-~ ~~k k: = { ==V '"~«-~ ej ~ ~-c~?J. 

O't .. ~-..iJ ~/;3 ~. 

=:> { !:!£_ ~ "STANl>-4~"'6vr-f, SlJ(~: So(to) 1 e((),~. 1 

n:s :. K f~ ·- SV(S")fiU(I) ~ s U(4)ta0(.f.). 

~1) FtrrrE» .SU{~)f!J ulr) : 

4f~ SSB ~ 

( '),.! - lel"W\ : M""= 
£) ~V... 

m..., = A < k"> ! 
\ ~~ 
I -o ' A2 - 1€,...-! MJ = 'A2 < h:> 
\ ~~ 

A 3 - 'le""~ : Me = ~3 < ~ > J· 
(ifl >-;-a-At'~-~ fl.,['j"'" t.-t.~w .sr.)(:)® U(() -.e. ~ . 
~ rk.t. ~-K".....,.... H..t ..... ~~.sv{5") ~ ~cz-~ 
~~-,r::t:1~~·Q H~~n_, ~ /rs -
_:raez.~ ~ 
~ 

~.) (c} eeJ (~ • ..f.i. mq_tf... ¥~~ x.t.P.te£rJ - « ~ J.. 'V .-. e ~ ) 
-~ · o ~JL.Jt.U? ~-.~ OlMij·s~n~). E2) SU(4)®0{4 

(-
.l-.t J '1.(.) ( .t~ I ~oH·-~ ro; s U{4)® s tJ(2)l.. ®SO{z)R ,t• ., JtA. - - ' If.( ~ • c L+ ~ l ) 

F, ~ (!0,1) ~ ----· _ . . :.1. ·;;>./ , .f.;~ (s, -3)-= ~· , !;~Ct,SJ~ e,.._ _ 1; l~ "':}-· 

\ .:--1' !iL \y iL 555: 5 U(4)® SV(C)t®SVCVllt <H,K> • SV(3)<® SVCl)..@ $V~eWi;: 
- - M.s <H if> < " lt} ) 

SSB. 5 V (5')® V(1) I .. SM ~ .,.. SU(3~8V(1~ <UtiQ. 5 M _< h> ~ .SU{~~®U(J~~ 
--· M.: - w -M - Hll(( . 

H = ( ~(ii, r) :: ( '1-(H I J., i rJ: I v: ) ; H ::( 10,-l) ~ (~,I~; l,c, ~:); 

h..~ (S
1
-2): (DJ,~-, ko ) ; ( =(~?,~) ,., (. ~ 1 i;.~ (

0
) i 

~: '\J-t-1 (•~) M(..~ : .PM : (110) I oJ ,..,.t..a., ~ toi,s~~~ 
11 .... ~ <+.> =- x :r.'lr:: <k , ~> (t...:.~ ... ,. r•d-.. !~~-

J ~ ~ ( 4-: 21 i) == 

l F.- ~ ( ~I 1, 2) = 

5 

jL. ( 31' ~, t),~ + .QC.. ( i, 2,1~i :: ('; 2, + (~1. 
~tL (l,i,z)_J7 ,_ ~~~.Ct,. f,l)! ~(51, ~ (~:lt 

( 1(SC(JoJ ~ F 1- F ! ) 



( ( -c) ( ~:) _ _ ( "'"~) ('~c) .. ) H = ( 41 1, l) = ~ + ~ i H ~ ( 4; i,Z): ,J: + t!~ 

) h. ~ (J z z) = ( '"-
0 

~+') - P = (' i 1) == v. + i5. · .J.. = , .. ~ ~i) 
I I k- k P j I I I 3 J J "riM \:.., I 

(M :.1,- -rto.tt) 

~= 

~4-) = ), Ffk. + )."to Ff-lcp + '>-.JHHD + 'A4- ittfD+'As-k.h.'f+ 

+ ).6 cf>.p.p -t :>. 1 FFD + ~ FFD t- A, DD+ 

( ~~-~ .... .r- ..._«Lt. ii- - ii) ~ 

{ 
M-u= M.;' :: 'A1 < ~> 

* M,( - Me ~ A1 < ·r:.•>,il._ ____ ~ 
( Tke. Su(~)~OC4-} ~ 

' ~~ ).~- ~ ~ ),~- IVc-.t ( ..... ·.J:'JII'-i.p~ ~ ~ ~ 
- ' ~ ~q~ a.d ""'" .~-.s/ .. $V(F) 

~ ~t H ..... ~ l l?J pr I . 
~ ~ ""'H6 I ~-~L.. I -J ~ .... -~ I ""S- ... ~ , '-1. ....... -~ 

,_,,,.,,;u'd "'-"·JJ._ ~ ~ --' ~ · I (r ~~ 
( H...:s ;, ~ H..t. ~·.t.-'£-f'~~ ' 

) 
[£.. T3· g s.~~ ,.,_~<rtJ :3 T~e .)/t'tlfviMos { ti. ~11. ••;/~-/~)~'~~ 

( e-g ., C.:. .5U'{4)~ O(ct)): 

Az. F <. W> + 
'A(4J 

'AJ F F"-

==1> v~cp w«x,.~ R-t >.z<H>-M6 

~ t IM./U1~ - >.,<-/>> ~Mw (M~) 
~ 1)t/uu_ V &.c.(.~:) < t:> ~ ..,_V ; 

"J T 
a-d chf:....e. H~ ~ 5ff ~ ~ ~ c'l)c."~-

~ T~: LA4 ~ ~~ ("V1 "'))~ f> )~ Nv ( fx? ~ 3 ~-r/J) 
~~J ~ ~----; 

I 

Mv = /,.. ~ ~ '\ r M~ M; J 

49#. T~ ~ ~ ~/:1~' 
C'l.a.-.r~, ..u<t~ . ftJ ( g ) 

et) NOl-I- SU.5Y ~- : t-~ M~ ~ID 9-# -
(~~)~ J' 2-Jk<; ~ Huz- w~trec.c. Hedv~-~~ : 

<H~ f<U~ 

..J~ 

~ ~ (J~I ~ - · • 
' ~-' --)- , 

q.'/ 
I , 

)" ! 

F 
< z ( c: E ,_t::'\ ,_. v~,..) 

z 
E /«s\ _1._ M~ \4-lrJ ,, 

( t ~ ~~d (~ I J; I ... . I); ~ -«lell . 

~ Ik ~ Ca-M., ~ M~ i:..s --~~ .. ( ~~ •f 
o/,v,(A(.j:i -:;~ ~ ~ 4fi.:wp), ~ p~~ 

.-1o~ V-IM..~~~~~~ 

(~ ~z ~ A&. _a3 _l: '"v - M6 Mw ..... !.D -to ~v f 

(,:e. ( "/1 ~~ lt,.>rt.ESS) 

a.-J~ ~~ -1-ee.a Q...,..v- ' '',Sr. 4NZ>A-~!> ''--') c;>........t_ - z. 
I ,.,1c.. 

m""""-
"' Mr( ""'.I - to k1V . 

• v~~""""r:du ~ ~~'IL~~" -..u-t..--.w- ~ w.sr J - --J, 
~UL .:.. ~"'-t. ~ ~~c;Qt stts~ ~~ 

-+ r~fnt, ~ ~~ 
~ af -~· ~o~- of.<.(_ ~c/1 

t; k,. ~~ ~. j ' 

~ f-4_e. _ 5 VfEK.SYH!JETKic 

~l..t. ~J ~~ 

1:t> 



~ Tl..vt.t_ Ov"tA. ~ ~ ~ o.J r--t~ 'lP~ ,__~ • Conrt~ur 01-1 T"HE cf... ~ WAC.~ t..1. 1-t..A_ I - · tDo/Jh. -..~ ~ I' .. #f< 
.. J . er ,,-? van;• 'fk.-.~~- ~c-if-, ~" c-. ~ sv~:Y~~ .SV.SY- SVCq}qpo{tr) ~~[S.~.= e.c!-fz-o~J: 

',) 5USY-~$~-~~.: ~; .... 

..L FHHF (~-((,'~) 
Ms (~~ .. ~~ .. A' 

~ -...Fc-4-~) 
f. 2. <H> /1 13 14 

M~- ~ ..., ¥:'· ~ (0 -10 ?V ~ 

~ ~V~ tU'tL"-"""'-~ : . (&Mv-(~:t/1w) 
o...v...r;,l ~e~w.o.t.. v 1

4 ~ ~; 

. . bl.«.t HcL_ ~'f" ~%? Jc.uc-ff [ E.P.IS.R".: ~.1l-~r .'] L, 

f-4r ~ __,r~ tf ~ ~g( ~~ ~ ~c:~ 
~ ~ lQ ""~~--~~ ~ VEV'-1 '( 1-!.A ~ ~~( 

<vc> _.. !16 r S.R . : fe4L-!~-~::t.:;> J I .._l •. ".:J... .. ,~ ... ~ 
- (r't.(f&~ I 

F~a.;!j 1 Q~(J ~~if "-~ ~ ~~ 
~(' ~f..l..-r ~J~'";] .. cvJJ,~a-:y"' ........ --~o..~ 
~- _, 

~ 
M'U, = M: - 'ft1 < h-

0> 
{o) ~1 

MJ =Me = /\1 <h.~ - ~ = . ~ tte .J"" ~~ 
t.... r~ zJ c.~';f 

bM.~ ~of f-kt ~ ~ «, ~I~ D3/ 1-k 
11 .f.Jl ll oL-~ ~· ~~ it.\ : -c 

- "Ll 11/lf 1).3 

ri~:( M"' X S ) J"1" ;:; ~~ ~ ~ (~>{~ 
V> N6 X,/ 

(x-- x1 ..., oCnw) , _s ~ <"2 ) 

~ "'~~~. J_ ~ c~f-~ r)IC:) f.. ~.....,.., .. t~ · 
(}J ~"'J-' c/ 

2 A { { ( T)j J\ Mcl (4(.)= · ..-Me 1- 1 ~z.M~ SS ~Me. 

A 

(He,.~., (-e, 1-,.._~) i rsr :~ (s,t~~z?.-ts~t)'''~- i ,..~z_.,) 

-=4> 8-J-1 ~ .. 0~ ~ ?~ H....t P-~ 11itb:::""~. 
bw.T "'-'(~ H...sz. ~cJio .... ; '--s ~ .,. ...,... / ~ ~ 

CVMc.-l- ~ <"re> f:"O j ~ ~ ~ 

m~= t-m.e ( "'Vo(_ olp ~ .. ~ .·r, bJ _,_J _i..t. p--..o6tUJ4 
~k,f:bi ".J ~-~r-~....e:acei)V) 

Vrts = $ ., ~ , l ~ [ i + ( IS/A'f-6)-z.] -i 

..,, = ~ hot.'l: (3-orx/!) -. ~ 

I ~ ~ ~r.~ ~ <~ c> ~ <v;~ ~ A3v- (~) I-~:~#;;,·f. _ , • r , M ""- loft~ lfr .. Y-:;·..: r 6 --~ . .. .. ,. 
- . ~ " , . .. .., ... r. ... 



J{o' re H,~l- < -v.: > ~ ,;>ft-Qrr:JT,~o-f-\.~ r-c:r /'kt. t &OIC.I:Wr.t.u ~ ~ r-
- /. I - • U. o-..loM 8"" v : 
f~ f~ 11 1N<~\\ ~ ~{y£4.. WJs ~ mr oJ 1\ I 

0~ Q.U~~ ~~ j~t.~ 1-h.i.. 
~~ 

o.wi ~ ~ ~-l ~--~ rt.t..M.iM- . kcui ~ 

"~''-' 
a:-o~~ekl: Tkt_ fuT ~ <~c> =<~(~l,z)~,..,.. n6 I ~U"-.j 

H...tu- K.P J~ r--f ~ ~ ~~ ~ 
r.; ~~ > Jr o--!:J tr .. f'i.L .. fJ? ~ H QN..: If" 

6, .. r ~0 ~ ~ ~ .,__, ....... ~ ! 
~ • d)r?er C&~ .... 4,.,,t: ~ H.,ar ~~ <v"~ ~~H... -.J H.t_ v Uti. ~>.-.. ~z::·J!:J r~c4--o.e to .RA.~A~ 

n_ o.c n.~~ ). 1 ..J 4oo(. ~ ,.. -~ ~ ~a.b~! 

t!"tl~>ejvevrce.s ,;, fl.l. \J-~~ { ~ ~ ~~): 
- v ~c f Vu~: 
· ....; Mv r 

c "" 
Y Mu HR """ X 

Mv :: f __t1LX ~-
.~ t16 

"'~H 

x~~ -

( ~ '-z. -t-()_t) 

I ~-- :x- M~-v ltw) 
l H6 ..... fs1~9-v / 

t 
M 

I "-'" )-! ( J MIC 6 : 0 
')( Mu 

~ Wlv (~1{-J,..;t.I) ~ ( Mv o o ") ~X"-~ o _h_<~~ o ~ 
,.. o o ·~,o o 

- I 0 )(. AM~ M6 

~ ..!... l Hv o o o) Ml H ""' 

( 

M6 <v~>t ~ H11 ) 

n4 G v -
~ 0 

-N; <vc>~,_ Mt, 

)
z. t 

~ f>..l. <vc> .!JL . 
\- Mu rt, 

L- ) 

~ -n.......h. ~ ~ ] . ...;t.:o, ~ ...,._r.....~.. <.v<~ ~-= 
pr: ,;,,:: QM• I "* ~-~ w ~ ~~-~:·.-1~~ 

L( • ... ~.._ .fA.~ .. -P.-.-A ,[ ~~~~: .· ~...-·~f 

r~ .· 11 11(.~ ''· 1~ of 1-I..L 
~ ~ -1f~ , -~-~ f.~. ~-

<Ye> = 0 

~..... ~r, c.: t..-ld. L:,_-r < ~ c "> - o 1 H-ut ..flN-Gi<-Pf;o- ~ 

f-L..L , .J.ffu"~ ....-h:1~ ~ ': 

(

H( H5 X. \J( ... v) 
11/g. .,. ( ""v o • o) ~ X 11, ,J ~ / ~ 

l. J ) ~)(' 116 --- M., 

- .l-4 (""'t, o o Q) (1 M!M~ _ ~ (:/ =-
M.., ---

"" t 0 
H~X - - ... --

- J... (~ 
Mlf " 
' 

t. J 11,. X ~M., 

o o c) ( M!
0
.,.: ~ 

M6 x ... 

~ 

2. 

(~:)·x 

\ 

t. 
1..-;J.r 

~ thy ~ (~) · Mw 
t 
~ 

c.:,._ ft....__-...p 
t er'( 

.. ~if 
~ ~ro~~ 

r~ t.{ !~er of rJtJ 

~;,. + <: -c:: 
't)H e-.,/ Y, . 

-o: ::-"Y:~Th~ 



~~ ¥~. • • 
• .uca. 4lr•w..-.ar : 4-fe fu ~ oJ~«' "~ 

-d . •' ~ ~ ~ ~ by fri..!L 
t-JW..q'fl.l, ~~ -1.. f.A..l. \1-~-.q -M ~~- ~~ ---~ w~~ by ~ 6f J-4.R.c~~) ... ~ 1' H..( fO~'C.p ~:-

) u J('~ (-wir~ <"Y >- : er 
l. ~Mitt ' 

....c -G 
.)(~ (~:> <f> <V~o~) 11'14 
: • .... .. ¥ 
I t T ' ' ! ; : I : 

) . )I • J lli 6 I C • ( 
V '\)c .p + ...;C. y 

~ ,.x~,._ 

.., m _,. (Y-1t) < ~7 (M )'t ., Hz. _. ~-X 
- & M& 

L 

~) M61L~ll ~ ~cf-~ ~( ~ ~c> 11Uf ~ ... ): 

x~ x"'« . M • 

Se ~ ~ -6~~ H&.r ~ br~ ~ SJ 
~ r.J.....v,_r ~ ........-.( ~Y't(;J I-AA) 

<~e.> "'\..- n6 , ( t \A..r < ~ c > ~ < v~ c: > - o Co-z ,< "ff_j 
~~: 

b~; 

~ 

lfny ~ (~)M~ 1.-~ ~ ~! e 

Wl-yt' t·· ,z ~ ~) Mw 

-•> V J 
-r; ~v -v ~ 

~Y. r 
% ().~ <'f-c> '\?.- m: 

M~ ) ~ Qt 

~~ -~ -7-
- - l.o - ~ · .ell 
~ f 

~~,~re 
~! 

• ('..!q~, H...A.r "t ~ C24~ ~ ~~ <v/> ..... lf6, 
/-1 - • ·~- ~ I - - I -- ' ' - 1.••} -~ ... 1 

i lt : . e . )' ' )' -E· ( v vc.. ...;c. v 
~-. """"""- ~ ~. ..._...,. - _;.. ..... r~ .,, __ 

't 
~ !lilt\) ..,_ 11\'\ 4s. 

Mll 

- ~ r ~ 
c--~ M(~~~- - ~~~ r-.. ~ _tr.sf¥./· '-L~'--
~~ 'l.R-6/ .. :o.t:::-d., -. ~ 
M--~(d)' u.tt, M:.vt;L;·- t(.;.t)· - tJ<_.,.. L, _ ..., ~ '4. .. ~IJ ... /)r - l J _r- - a: _ 

• ---- _d •. '_~ IJ- - t:.J,/IM rMX.. ~I.e.. ~ ·~ ~ ~"VV L ~ ..._ ~ ~-~ . 

_j 

c.) New ~~ S '!$Y ~ <vc> =Fo : 

.,.,. <;jr7 <"(;> ~~ <~~ > 
~-- ~ ;:< ..JC ~ ~.,.~ 

I I I ML I • I 
I , t V' I ! I 

to ; ~ ' ) : ~ Q ( j ( I " ! ~ 
~ ~e Cp :J: '<a' ~ ~ VC! V 

~ c z: 
=l> w., ...... l't'l" <'V > ... 

M1 
L- ~ J 

(.._~, ~ <vc> ...... M6' ,u4.~ 10: - ~!:) "! 
tK -- -{/' 

IV ·--~ -

' ; _ ·:._::~~~ 

SUSY ~ ~ J..-tv;_ ~a_t:~ ~e.~,.._, ~ ( 

c..c.ot ~g_ f.,_ f-c."k~ G. ~cJs' '1,K A·~,.. ;c) 

t4 ~ ;i pr ~ -~~-~h..t.--~ ~~ 
~~ N ~ a-f ~~o4~ ~~-~~ 
b..ee. ~ ! -rw (N\.':::1 '-< ~~i...bl !J ~!-Look~ 
\I£V"1 a.r N...iz 6VT ~c..a..&_ ~ f-l...f !\'!( <J~~. 

- ~~:·i:\~. 



~~ 'i 
~ ., 

H ~ 

i 
~ . .,., 

" &. ~ ;; ~ A. 1i .E 
@ ~ 

~ @) 
~ @ • 

~ j .e ~ "U .e 
~ i g ~ ....... 

~ 
lg j 

~ 

..... J 
;;. .. ~ 

...., §) 
•e. 

'8 •• • ~ ~Cl 

:1 I ~ I ~ 
• c: ... eJ 

., 
0 ~ 

0 G 

~ • ~ E 8 .. ~ 
c G 

~ 

@ • 2 . , ,., J f! • ..... • .. ~ ~ I ~ ... ~ I ~ -
.... ~ .. ~ 

.8 
~ @ 

~ .(§ 

tot; f}) §il 

~ ~ • @ 
~ 
~ 



References 

la. 
[1] J.W.F. Valle, "Gauge Theories and the Physics of Neutrino Mass", 

in "Progress in Particle and Nuclear Physics, vol.26; ed. A. Faessler 

(Pergamon Press, 1991); 

[2] R.N. Mohapatra and P.B. Pal, "Massive Neutrinos in Physics and 

Astrophysics", (World Scientific, 1991); 

[3] G.F. Giudice, F. Giuliani, and S. Ranfone, Phys. Lett. 212B (1988) 181. 

lb. 

[4] Most of the models for neutrino masses reviewed here have been 

more estensively discussed in Refs .[1,2]; 

[5] G.G. Ross, "Grand Unified Theories", (Benjamin/Cummings Publ. 

Co., 1984); 

[6] R.N. Mohapatra, "Unification and Supersymmetry" (Springer 

Verlag, 1986); 

[7J M. Gell-Mann, P. Ramond, and R. Slansky, in "Supergravity", ed. by 

P. van Nieuwenhuizen and D.Z. Freedman (North-Holland, 1979); 

[8] R. Johnson, S. Ranfone, J. Schechter, Phys . Lett. 179B (1986) 355, 

Phys . Rev. D35 (1987) 282; 

[9] M. Gronau, R. Johnson, S. Ranfone, and J. Schechter, Phys. Rev. D37 

(1988) 2597; 

[10] See Ref.[3]. 

[11] S. Ranfone, "Some aspects of Seesaw Models for quarks and leptons", 

Ph.D. Thesis, Syracuse University, (1990); (unpublished); 

[12] T.J. Allen, R. Johnson, S. Ranfone, J. Schechter, and J.W.F. Valle, 

Modern Phys. Lett. A6 (1991) 1967. 

2a. 

[13] A. Davidson and KC. Wali, Phys. Rev. Lett. 58 (1987) 2623, 59 (1987) 

393,60(1988)181~ 

[14] A. Davidson, S. Ranfone, and KC. Wali, Phys. Rev. D41 (1990) 208; 

and in "Proceed. of the XI annual Montreal-Rochester-Syracuse

Toronto High-Energy Meeting", ed. by C. Rosenzweig and K.C. 

Wali, Syracuse, N.Y., (May 1989); 

[15] See Ref.[11]; 

[16] S. Ranfone, Phys. Rev. D42 (1990) 3819; 



[17] E. Papageorgiu and S. Ranfone, Nucl. Phys. B369 (1992) 99. 

2b. 

[18] I. Antoniadis, J. Ellis, J.S. Hagelin, and D.V. Nanopoulos, Phys. 

Lett. 194B (1987) 231; 

[19] I. Antoniadis and G.K. Leontaris, Phys. Lett. 216B (1989) 333; 

[20] G.K. Leontaris and J.D. Vergados, Phys. Lett. 258B (1991) 111; 

[21] E. Papageorgiu and S. Ranfone, Phys. Lett. 282B (1992) 89; and RAL 

preprint, RAL-92-035 (June 1992); 

[22] S. Ranfone, RAL preprint, RAL-92-030 (May 1992), (to appear in 
Phys. Lett.B). · 




