~ Neutrino ﬂsz.ce
Summer School
2005 - Tutorials

m:@_.o LIS]
INFN; Bari, Taly




>Q:§Q>+h :

\O step-by-sfep caleulobious of ¥ oscillation
wsors_o_.r.r.mm of iuterest %:., apt.sa LBL mk*ej..ssw

nv Elemeuts ogn Sk sH col %&5

Disdaimer : T have .T@(_& elolsoraled Upou Q_wrs@ U revradure. -
I'0 ke Liappy fo provide referevus Upou requaat,
and to wrrect any error yau vnay .rﬁh m Hug
wamusonipt - Just write me a wohe af Hie asldress .
@:@..o.rf.@ _09.,.5%5.?“ Nour m?&aﬂ@?@@ e
Very tvnpor raut!




Conversion .?o‘..o&

Exervive n.1 : Prove Haat bcsh)Aus.wxbs_/\r/\ﬁQJ

——— = w,\..ll..\m

4€ (gw\(xes e/

«32 Es\,ﬁv\rv\ré
\ NP \

Fc = 4193313 ,é;? A patial wab ;

Thewfore @ A Mk Lm = 5,069x40%
Thaw: Al 4 A%s ewt) /L M 4
xe - sl G gv)

- ) () ()

0™ ?G.zw; -1
40 lﬂv@% S ( Man- )

= 0.25x 107 x 5.063F x 10T = 4,27 “\

—

Ao
4

N

A
M



mx&ax 3.\N . .—Ua<P xI\cO.T \ul QﬁSbmuu ~ A. 263 x AOI@ E\,\w
ua

Rowimdar: 4 owel = G.022x 410% barticles  ( Avegadao cnuumber)

A ok §.02x 40P/ juud
= et wr&i oowwx%&\z@; , kaw? — 6.022x108
(om- Mayr) (5068 10)3

Exerciw w.3:  FProve ot 22 GeME A.Smxs-% Ve vmum; N
Al s\,%\o?w )

Romudar:  Gp = 446633 x (07 G ™= 4. 46633 x 107" ugu ™2

V3Ge NeE
At

sa\%v d o) ASN 4

W Aue et

= 202 (446633 x 107" MW7)
?&\Ew

= 3099 x 10" MM puet S Ne N\ /& /ol
A am? ?L\oswvbrs mmmiv

3.299 x 107" MW MV g0l

N o3 z
7

M = 46131079

_ S IPPNL
M2 = 3299x 10 40 xAmzx_owg\w 4.526% |o°F

/
4



Cousistut use of U and u*

® [J is ivltoduced n Bae CC iuTerachou S&ﬁ%@?&r amd  covvects &S@Stf@ .,T%m..
’ 180
J\oC.U M,.H:_ EX_ v\_.r moﬁn N\\:\d 5 EC+“ \—v

* Ruminder: for a giveu freld o, it s ¢ (or ¢T) which ocuatkes +§rn~nm%€§ Vacuum |0,
gibzw\ w hem q:@_&m a Wped fo cuode cg%pszgraf% Qﬁmv , oie han Heat-.

~ Y > = hm. CM, NS, > AWZ‘,T.LP Dak. Dﬁoja coumvemh gv

o VP@QE,,O V> com be %8\,\:_2%5_ s
[v> = Z vt v
or —V\.V - le\%\w\vhv ) W J\p.\w\DA ane E QSQSTEJV
ok

S?Sbb& ' Qxx,u A<x_<v = gTGX v e
w\a = A.ﬁ_;,\v = h W

Thure gw&éﬁﬂ g&bﬁs ay
J\OAU M,Ebc.vl.



Recap -
Y= 2 Ui Vi (felds)
i>=2 UEMS  Cshates)

4 = N_ Lig; vt .moo&we%&v
E&.u <Vy | Ve>

Tha's \mo., vanbuwes . Tor adiveutzines og&@ U~ U* G\e&é@g?\-
Neumhino g%@iﬁ& e Jﬁ@? oemo:\%?oﬁ e a Fm‘@;\s\ws\v v Chan

e
AW\\\MV ;29 ﬂmv s Ha vedon w%gﬁo\\gw ix%QUER e > mv&m~
1w )mcs,\o., bagts.



Howiltowiam  ond O_\St&m o.ﬁ bacls
o Evouhou oquakiou B> = EAM
o 1 = hawilbondam QT\?T%
® Umao<swlzr_o¢ ou YNAM  PANS
A== <yl B iw> <] = = Hji by> <y
J J
. vmoQiTzrg Q»qpbév basis :

A

Iu w SVAQ r?\»vAxi vmw, I%x gv A_\x_
o Rolohom aamong a Mix ggi“
Hii = <y 3 L : X
o W s Hees Z Oy U
mx 2 %; N Ve > J
Tw makux Q@,SS“ r.ﬁbéw = J Is\Sﬂh C+




® m<or§r@§ @mMchTo\cr IM \S\_\PTSX %ogr
N ( ‘-
?m% Y& = | m\lah v\ﬁ
M“ X %
= iw + P
ww AN ‘N Ths s wha @og._ Ha
I v U C

3% ynahux
/, for wumepical colenlaHous Y

Veclor V F
_ULrov

o Aualogou .
logeusly . mass baws -

. V\ = k
= U dr V!

LHi L [v] = ..\wm, TQ

Rosui wdex -
W vacwun, .i% di| q !
RS SEIETV




Evohoun on?_dw

The ewoutioun GTQ&dw %An\ov %ow\Eb:& solves Hhae @w:br.g M = _.w.mm?v
Wik, (wilval comdiban > = Jv()>

|YG)> = N (x,0) | V(0)?

Tu vacuwmn , iF s Foivial bo oblaiu e woluou oprrabr gma H i
Aiaqoual amo| Cou Shaunt:

= [F ~ pd + 4 §M§N -5 0
ic_fd mpmupnwh Nﬂnﬁ N§WvIMQ§V+\®Wv

A A

uw\ﬂ m\l,IN\ ;o im orna fax gTﬁ:ﬁ [(wess haasis) :
. \\\ - §~_.

MQ._ = Ad_ /%//S.v - MQ m.\\l‘_.._v\xm\ _l\m\lmlx

sime Hag C«wgfﬁ i. A %@o&&» ahdx ¢ Hae o:ou@i& Q% @JT?ETQ&

The ol common pher o TP s (rvelurnt w oscilaRows.




ut%g\osg%ru

A

HMWR,J\VA«\R S\:\P\

» o W\,\w |

wa = A<iw?_xv
<w5v5@_25 <y | Ya>

; may

JN EZ M,d@\ _XEE
= M, Eg: Bi e Q\POSS,BV
e bgvfim\ \%U«, t@b&os Famsihous .
i

>O\x&<wv MM, A/@L %Q@o: Yo D Hdmd?x = _.NCMWC%_. mwl_ 75 X

6 Flovor Hamsthan %Qv&@__s@ :
2 X - Q..M_M.k 2
POx=v) = | AGk=%)|% | ZLig Uy o™ 26 (o weann)




-0

Exercite: Wrike Hu woluhou 073_37 u vacuumn l,Ts 2y Im
na ux \TSS (lu wmass & Llowor Ve&#@ ) amd fimd
P Baus vou %SV&?.:J )

ve .
?Lutﬁwv (comparands) Wik Cut*udg@ %%v 2y, (V=Y

—5in cost
Mass basis . H S ﬂ» 0\, 4 [omyo 4 [-amt
 Mags = P ng,r A vﬂ T coutstx {1 ©
€ o wmi 2€ 0+MN§~+ Lolog
22 ‘ g
Eg M<S lQSN!SAH .ﬁ._w\.lwvA
. 'K e €7 °©
“Thau : Mg\ﬁ& = @ TMes X o i Suly
O o 4e

Flavor basis - w?éu U Swess UT
= gw\ms%unvﬁ\ho M ~isim ﬂg SCosk emt
\ 4 /Lot 1€ J\ siu®  cosll
Deu = —ISIM29 $iu Wz
M\s & .&m\v

Poy = [Se _Nu SimtUy simt S’z
e e )



Exeruse :
Prove Huak, i vacumwm |

@A&%;&«ﬁvnﬂ M,x% - 4 M Rg. U,i_%@ M,_\Sﬂd le.cuwmv
4

—2 W Im uﬁx_%w sim [ A %
J o€

A4



1
vg.iz Mc&c? ,msmx&
_— .
uaM.cmcf gy @7 27 e 158
il
_ s Uy UE (o
.WI.CQQCT Cé 3/ 2E IP+PV
NC Ug; Ui Ugs (€ §M»m%,.x + ZUiu U ¥
i b P Sﬂ ..\C i A p ) =)

-

—_ +> gL *
A,,v .vbqu_ETCéCj A Nm l\._.v.r N.Cx_ TM.C@C@
o

)

WMu E ? Cé N\:d ﬂ@x_ m -1 Ll\hsk

- 1)+ Mm Uy; E_ t@ c@

2. .
w (U Ui Usj UgS + Ui Uy U Upj) [eos ?Lm%;v, /]

\A_.V.T waJw

M

/)

+= ACM,C? Uy Cm ~ Uy cm cwwcav M_. Sim mﬁq.mwsm.& N M%

>

<

A2



lm.zw +NUL~P\C3CT Un; CWVV ﬁbuﬂggmm .X\J — L
%)

2. 2Imn mtm._ ?
_d

- KAy
= m%lmﬁmu mPACo:C?C&CEv S ALNWL v

RS
Co» Cm J M,\S ib»ﬁv

)N\Wg Hs?mt& C? Coc m;v M,\S Qs, . v

wltida s P Lo of ﬂxm givew W T Farkide Daka Baok (2009)

A3



The  dapired Esé?@%? < obliusd by i< g. :
> S ‘ A x
PlA>¥)= S A.W.g Re_ Thy sim® T.W‘v % %,

lwmguwm._s AAIMWMV m WQ\

whure BC. = o \S@.

c —
Tup = U Ui Uy Uy

Tep N,T&, Fwvo T@i&v doey wol o,\:t,&m\ qno\r U~ U* Wﬂmi ook%m\s..?mv
W\\“\ ( losk s chaudoy sign Lo U >U* (e c,&?r.s%v

14




15
: N
\w,c«é,r&n of Im ( quv
* Sime ugaw - C&cw UG Upj ) Hae T ?xf*o suly for ot § avd if |

* lef us defwe JT= I QO\Amv )
EXeruve :  Puove Huat | for #fp & 14, Tm qumvu + 7
whaw oue gofy o (+) sigu if (4B )= (em) or (ut) or (ze) (flavor yckic)
or _,% Cij) = (1,2) or (2,3) or (34) (Jouwahon cychic)
ad o () Sign OHALUNTHL . WS&@.V\&Q
E.q.: Tun (T )> I (e Ui UG Uz ) = Tum (UeUés (- U& Uee = Udi Upen )
= Tu (- UelUe U Upm) = — T (Sou ) = =3

mm.@. : Tim mu%w,vn +d = m(ﬁ@ (=) T
1

(ex) (21)
wot oun:o wol y e

] Qmo:n rules  com e evnleedldeol fw Hs\«dux_,mvu J memNWmQ.F
whiw W € tfeusors aw EENF@ %sfw&ses&rx,o.



Differeut ways of wrikng Fep-
ﬂm\ com be writln ju Sewreral or_i@se\% ways ( “sum’ or :Tf&#of U g@ssﬁv.
Ty make wre oqh K %u:bi_.s& (,ﬂmwgsgﬂ.o __%kr.@ _

Exercise : H% R+u+who
T simx +$§Nm+ siM2: = — A.m.sxﬂ.:%ﬂ_xm.

Sim2x +9_\swu+ am &
= Simu +£.§Nm+ [~Sim (ax + Nm&
= 25mx X + wn_vsmncwmr Dsim (x+Y) o (x +y)
= 92%ux cosx + .@f.su@aw ~ 2 (simx ws 7 + cosx m_.suu Q&No&u »r_er}mu
= Dsiuxcorx + 9 simy csg =2 Simx oz 8%%\&8%&?#&8@
+ 2¢iutx ﬁéoau + 2SI YSiux w5 X
= 2sinrcosx (4 - Cosly) + Mw?& sy (4 -cos) + s siwy 05§ + 2 Sy siux 08X
=4 simxcosx sin’y + 4 simycosy simix

Uuﬁw..sxm_fu sim(x+Y) = — 4 simx w‘__sf&&:w/ \

A6




Exerase :

m\s\ (Vg » <®

@: +Dqy3 + A3 H.Ov

Prove Hrat- w%\ com e TL/ i e Qﬁo\gcims\%vcw@oo?&,: uhsés“

cyche .
W\mu %ﬁsémnq v.ﬂ Siv B:Xv
4€

ncu
= (M\MH§M Sim ﬁmli.xv
_A&
= Jﬁ»? u% 5IM u_warﬁ;mfw m~gau\wm@+.,n§mhmh§ m%%&
- M H‘Cﬁ m M._S \B_Nx + Sim \BNWbAw SYM NB_WXVN

= INHtsu.onm ﬁm_,s dm__‘&v + S dmmfmv+ Sin ﬂuw xw@
e LE e

I

= t38 Im UMN S dmmlmv m__\SNBSXV sym [ Bax
i ac Ze NML
A2 cyclic
=148 In U&w 'M.‘ A:\,d &.E
m_dv 4

A




m&c;,\&.@:f Woys c+ Es_.r.s& \dvxw n vacuuwm .

?87 P (o ¢<vu = Pep ﬁ\x,vdwv + W\ (Vx .w%\wv

whore. Fep = m,aw — A,M _@qu»\w v St @Nﬁv

Wos\ ul w(M..H.\smuxmv w_.s mb:.x
Y o€

A — e -
Bcr%\: §_\

Qz,.m = Uy CW_ Cmm. Ca

Lot us wake am OvenHaw Q% QT_I.Q'Q\&: m\nwgf\gg\«\%?\,\_\@
%% Pp amd Py

A%




Pee :

_AL

u%%; 4 =2 Re mux__;\.w ) sinz [ A1 x
4e

W_?%L .M?@x 7_‘% m%w.v
N )

cyMce

H%&!#M mhmu vm:\z
W A:\u W ﬁ\l_m»




__A,v. or
-~ J ) Aif x
M\ ,MVMHE muxmv S dIWm;v
CycUc |
=-2(23) > sin mmyl_,ﬁxp
i) 2€

< @PT ﬁlo \T\o_\S .U.
Aud m!_v %gS_A w__.w.\
_b& nr\pt@_,:& _Ale

<~ xJ ?hoo;\,\s@ bo
Qx%v o&%n or ot




.ﬂw\o\ v " produnct ” IT}S ”

anfo -
A x

_ [T sin [ 2UX
|+mH§mu v?: d Amv

ﬁQnsn

)
mgv

cyclc
= +mQmemqm vm,sm
")

S ?munmv I s ﬁmﬁ@
\

Ag 4E

”l% AH'QV,MAIT &A,\S “bc nﬁv

<« *J quoogr(@ Fo
@it ycic or vot

Z




2

M

z > O = wmi-my

Calemlale mvﬂv\?b\.,\\wV v vocum |, im the mnt

Exerase :
Amo; called Vaue do et ey seade ! %%_Z\SQ  urash o\crb

“or M<s~lu®\ Mo T\%w Teum vamishe, N&\S%\iy whom wulbtesm im wveo&\:nl\%&\s\fv-

For Ruw”
!
ﬁm\xwév =4 -4Re muhm+u$v Siml B@MAV < hare Bcs;u s_\_“w,““
4€ = MyT
=4 - AQC?EC& T Uz |2 |UA3 _Pv Sin? &M\_ﬁw«w 1o dwo

= 1= 4 ) 1w ]2+ (Ui )? v@swmbm\w

= 441U (1 - 100 ) sier Sl
Ze
ﬂoﬁx*m .
ﬂg.i\&» 1AEmu%w+u% d%sxh
= =4 R (UUE U Ups + Use c\: Usa Ups) =i (242°)
= —4 Re (U Upg (Uw UpT + U2 Ugt ) it ?gx
=-4Re (U Ups Uxs Q\NM pw?N @@M\W

= —4 |y U 2 /A
| U3 1| Up3)* sit %Mw



17

Swmantiug | ok surete ovdn i x|

ET:
ﬂ@x&«\\wvu % \%(A:Caigd\,n:&iwv Siul BM\,W (d= mv
U 7] Upa 7 s (29 3P

wludn s ,.séiizr%f A= — Au? G\s hbc%r_i,ﬁ fo ES\&&\%V
QEF%S L% (we m@:r_r,\_.J o CP i,os&_?,@




Note ou the mass? h.vnn.TxSs».

\ﬁ: —3 %s\_p\,m\ _&
Aml 1
,ﬁ Awm?t
M.T . W w%_\s
normael nverfed
N\:_NE\,OSQ \\v_@\&\é
5 e
Our ComvemHaun Swm*er wmh—my o always
RVS\”NWLr _\SW _ Wy +Im3 - Ay, + Aws,
P 2 s

WJES@» wmam) wieMx Ul «:&a (i, wl, wv

g -+ ESS\S.F
§ “ QSA\.N*\_\SN\AI .T Q:Q/\w (\ %}§- \T&/SAN \ HWBS\_.b }” ,_S‘,\Gl.@n&

14




W Vo at Ash ewslec ju Sm'x
e

mx&«.n). e Calewlate POk~ <o»v

Lok us cousvoler wommal Wigneachy mTr &*«\Sﬂg\.

Mi-wmy = Sm'
WMy~ = Aupt — om'
P2

Mg =Yy < Dty dmt
L

Roum uder : M,,3~m$+%mv ~

Tha: I muﬁxv O
Re mu&xv Re ( Ui C& Uy C&v ﬁtx:NNC\Q;

Im*x

m_‘suu .Tm..SN&.M@ + @m%md

T = 4 — 4| Ci_ :ng_ sim N

— 4 [Uxa | ¥ U3 & ginz dbs% %_\s

R*NCE:C&_NQSNNBS,\T oy

<)
b (exact)

15



AF Ak ordar e Sl j Hu 1sE Team vaushey and Ha oang become

Pua & 4 — 4 |Uxg |?[Uxs |° sin? db v 4 |Uq | [Uxs | «:\,N\u,\sxv

IAMEXN_:C&, mAm‘p Ui | Uas ) ¢ m‘r@s w% m_sdmus\_x

4= 4)Uas) (1-Pas?) %Ti

- nIEx&N QC&T: Exw AME X m,\s Nbs?v

Il

Il

A - 4[Up) Q»_C&_C sint dm\vmmsu\,lv

IA_Exw_NQLC&C (Ui )= |Uk2 |* A NW stn pb§~xu
4~ Uxz | 4 4€

4€

> Yxf

16



~\b§~x _Cx__wEaN_w

dm?
2 | o Awix X ' 24m x
Pak = 4 = 43} (4 -1 Usa)*) T_s M/ AmY, [ Ut |2 102 )* d\wlmb wsd 4€ /

_ 2 [Uai )= 10l S St
A2 \H —- 4 ?\r& ”MRALC&w_Np ' M_S~ m A+ EE?.:C.QT. ' ..\MW..
— x
4E

whinch s %oé simmalan bo Yo Rty o&?\_&i\:}\ ok witte

bs%lv\. B§~+ ~E~ .W,Rstw
|Uni|2+]Uae |2 2

A pensibviby o gé anises , Sime e sbeve equalvai
MOF lwvaniant” oo Au* — - Am? ([t welahve  sigin  of fhe
Rl oaud ,T&% otz T\S\xs Q\Xc,\omwv

2




The meimwri& Fo ?_Q\&Q& im Cux ofv@coﬁ o e &cswrg

\@1&.@6 MCwaNAAINCxiN\V amd. o i ?Io . msl\ww _Cx__ﬁl~cmmn~.._ﬁ
& U [P+ |Uae | &

ADm*

\ﬂ«fﬁ%\«\é\&?&f% J :gmw? < IT\,\YQ —> ?@%Nm@,\,ﬂ.x,\:& im Foo
Also, alfouain _C\_&_N ~ mu L
U [ (U] L4

N~ 6
2 ¢ J
#C\;;.ﬁ ~C\>L ._®|L‘

Ao l
A 3 ?(&» %.\S )\ml

€
3 Auwml 30

gfgr.o _W ~ F.l_l.Lu\ \/\,~|.
3 2 3o

8o << 1 > wek wgtr.i& 1M W§ oo .

8




Parametrizvabion of (.

So we hawe wied U in germnic form. Tk ¢ :\RT, also Fo
gxmﬂwpﬁ% “*vg\xlv«\\w,v __\S MTNQKTO wggwﬁfg IIPP :m?gf_

ngrm\c{ Data Wbbx\p %%gu.&,\g aﬁo\, U s

. ¥h
Cu O3 ﬂw Op ,.m.,@_w wile @.n‘ozq.umg\ 1, e &

— A O © <3 O  Si3 Mw&o Gz Siz o d
O Gy $13 p o A (@) —d1z G O
O 513 (23 W,wm\:w O (i3 o O A\

—

- n_N mgw ;%r ﬂ-N ﬁ—w . lﬂ_W m'_%/ A/\M\G—.ﬂu &\v
lm:mm.lm:m&m_w e! <l Ci3 - Siz S5 S13 m\;l etl)=

" 5 S23 G
\ Sp S13-C (13 S5 € 1S3 ~ Sz Qg S5 €1 Q13 g

mX@sQ.vn. :

A \ , \ |
Prove el J= Iy mum\:wv = & SN2y, Sinlby; Sin2byy cosByy Sin )

1
§

29



Exercise : Calwlale POe=Y) it vocuwm ab Zud owder

in e swall *vnwg%w e = Imk omd = siub,
aE 3

ZeX“mAA%Hv MMM_M,\W «A0% ; Jud owler meaus O(€f, ¢t €€') jnchuded .

bek!s couwdar woruaal ?QSP%& \T} oﬁ%sg.

Cycic . . . cycddc sl
QO&w\s = -4 = bp@@f m__s%asw;ixu +8J [] siu d§w.|§wx €= %
axact
Noke also Hiaf -
Qo (Tt sivr/ Mi-mg & The 2nol faden s OCer), so P Ast facke
7 v 4€ Xv be FN%T Awlwgwwr ogcx_v,\u» g! qn» e
°Re (Jeu ) simt mﬁwaﬁxv « The dskfachs is OCer) | 5o Hu 2ud fade. cuun
(3 st | , ' kegh b OCe) *
* Re (Feu' ) siur (M Tha A5k Laghen is O (e |
“«— m%,»&f;GQ?wogg don came
= be ke pt ai-0 (9 i
. 2 _yaal . 2 md . 2 _ v ‘ !
e V.5 AS: w2 ASS M3\ st /Me-m The Ask £ 2ud fades one Qﬁmmv
u W v yv s = xx \ e .xv < P:o@mxzr\ ﬁo«?ﬁ%o&c\_ o cam b
kepf af 2ot cwltd Im € .




@mm e, L C\w‘ ar = (G0 G3) (s €1y ) (=S Cis~ GeSa3 513 mi,ou (G2 Cis =512 52353 @_@p
= 312G, ¢ 13 m $12Cu n&+m;n>: sl $3y =Sy Cis s ma_ +5Y2 S13 G5 Sz _%v
g@m\wv S12€i, Chs (—S12 Caa a3+ 512 835 545+ Cosb (-CL S5z 515+ S& i3 C23 513 %
=S G Cla | Spdy (- +5y5% ) + cosS S, O Si3 (5% ~de)]
T @ <) = Sy Uz s ((S23 (o3 S 4y + 54, Se3 Cas Si3)
=512 Cl2 S13.Cog Si3 Clz smd =T (o)

3 y ~
® mwa = [, wa E\We C\_w = (sp C13) (Si3 mRC (CiaCiz = S125% Si3 € ;,v Q& m;v
= S %3 4353 (¢ G m\&l Sta S13 rwv

Re (36’ ) = iz 505 cly 513 (c §
12 543 CY3 513 ((12Gr3 cos 0 =S, mmm_wvlmzoaaswmx 43 cosd - wtrw?wmw

T mq v S12.Ge $13 €45 S23(13 Sm S = T u\ = J (ok)
3 ; . YR
° Mm\:_ = Les U& U \3 = (si5e? ) (cay)(S3Gis) (=i Ci3 =G Sus Sig ')
= ((n<u m_w ) (- <11 Caz mn& —Ciz S13 m_wv

m\ﬁ@ v Gz S23 513 (43 (- S12(13 cosd — ¢y, w&ﬂ&v |m:?h&mawaﬁwgu%lnzw_wn w

23
@ ) = S1201513.Coy S13 ¢z 4im8 = J (ok)



3l
fek's \ow QT??L Hwe ymasoms T.NQS A remanlkes| rbT:\m

12 :
¢ Re W~ _shchcl,  ab sk s e

_ 12
® Sinl ﬂ%sv.nsf‘xv = Su? dllll.fb&f M!i§~\Nxv no Sy & Nm_s DS,XM aSmi’x&S@«w& Mﬁmav af O (¢)
L 1€ 4€

4€ 4€
2 2
o St §m-s:xv = st Ab,\s + dwmy2 v A et [ Amix A ! ?
4€ 4c mAm +T,sé*m deﬂm@.mmﬂww o 0C)

duwd wWe Towe wieo| mms&m.&/mvw w_,s\wm + wnf.sm sy Mu * Q?@C

We com Wwow coleulobe Pan \/wvo\ﬁ\r ,TGQ\V o‘% _uW\\h ol 2wd crolonin m\m.\,.

_ 2
o - 4Re(3gL) siv (M %) 43, (D < 0(e®)

)
o — 4R (Teu v Sm' AS_AMW & —4 (S, G a3 Cos Sis €% cosd—si, 5%5C%3 m»wwvx
(2 ) )
4€

AIAM_NDN $13G3513C43 Co59 + 4 s{, 55 3 52, ). st dbéx

T 48,81 513Q 513 ¢4y 053 51N db,\s\x dbv\sxp \M p <« 0(e?) + Odﬁm’v




3 . .
. — A_mpum\ Siu( M3 §_xv & —4 (=$12G Sz (s Sz mww cos & —Cf, 5, ¢ty mwwv

X m&sﬁ A.Wsuw.f St u§xv8b us\.x m%s)ﬂx@

< Akm: Gy Sus Ca3 Si13¢%3 C0) J + 4ci, sizcl; m&v siwt db

+A.m_~m§.m,~w m&w&n& OGMM Sin mbcsx mb,\skv ﬁ

o %hm,sAExv sivt [ Wiz~ iu\Av sivt [ Wg-w;
rs dc 4c

mum?: %%?sxv « O(ee)

o (rombimg alh & piecen Foge fur we goh -

Smix

N N
POe>w) = 4d,ch,cly m@@w o A5y, 51, cly st mwﬁp

4e

\(W M‘;Dwm,& m.~w m_wmm ng W,S \D§X Ocum

4
8542 CteSiy oy Si3 Cas SY siy [Swix <) Sin
. 4€ /

DSCAJ
4€ /

(amx).

&€

4€

& O(e')+ 0(ee)

ot
i.h«

(5
Smx

(%)

4

%5



24
W;Ac;ﬁ%@ We et Wik s
ﬂQ@&«@ ~ S4 . sl Z0); siw? ﬁ.&hs.wx\v

A€ & “atimosphanc”
Term |
_ 2
+O-w. W_SNNQAN \%ISMNAV n t
\ “€ <« Veolar
Term
t o5 013 512043 STNLO g3 SINGyy o&am@mﬁ& sin [ Omx m%sw PR ,.s_,«%%g:
4€ qe 4€ Sy

7

(

l._.N‘m %Qvnh?_. gu@;.w tam be falcom e ~4 wiltun Rw uvurrwi
nd o &%ng\ds;brg xTa @\?.
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T 7E
ENU\ Q?Bu m§\ww~ <S‘.~N\ §W v
L= O 150, 5 O
M5 = diag (4,1, &)

e Matter, \mbés basts :
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Hee Her + Heu Hue+ Hez Hre
rd irA kA \x \S
[Hom 1+ M + [Hep|

I\P Het + I\:\: I\S~+ \l\:ﬂ Nre
[Hee 1*+ [Hue ¥+ Heg
L us shd wikh X%

Xt < Q2 I-H)(BI-H)
(M=) (23 -21)

9&;6@&15” Ao Az T= (Ot d3)H+HE
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In \<<5+TQ,U H = M+ m o v A\T\E\cs Va&«ﬂv
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T abowe relakions aMow ho counect &ES%TS i vacuum awd matten
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Q- Q=) i -4))

:LN\r.\C. 4 E_N,faﬁv*\:. + _umu;,.
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b Lketiam T«mxvn H+Vx m onatker af:
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T() 4 [A-cosled Sim29 A\ N
T4 | smw A —A+ cos29 4

Al

V= \E GeNe | No = coms -
A=26V
=22 GrNe

where bn§wn§w

S2



. Y T~ / N 2
® m.&gﬂﬁgau + 2 / whare A=A <\ Suwmfmrv L Siiile
4€ A
® ,b.,?@ggi?& ro badvenm
~ "
T(Hﬁgw@( m«S@\ mlmwxm. ¢ J\@Qm — S0
(T:S@r gu@\ 0 +%\\W \\ f MJ\\S\@V O,ou\@\
. _ ' (08P — A/
with  sim29 = Sinls \ Coylo = ° 7S
r 2 T AN e
_A _ A Al
tﬂ\ﬂoe,,wm va +m:>~m® J\ma&m@ M.v + S o

Note Hral M\m._sw\mr = Asimld
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