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Sp(m’raruous Sc,mmc-}ra Baaking (S5p)

* Hami l+onian  has o Sqmtey | groune state  Coss Mot cuspeed thad
Symmuetvy .
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Oréde Parameter ane  SSB

* Conupt of ocdr punameter by Londau in H Huory 0 phase
Hoansition .

p\mﬁs'\tat sqstem aXhihtts SSi3

<\

Thntif omputation of Hu
Suitablu  orar pPunamatar (§) Oriur PaomnetLy
| U
~ Wit mos+ gerupol potntial
* Olbsecvations G-invaiant in tams of tha Oréer

' PhysiCal insignt Ponameter



Group Aecetion On The Order Paramdlr 5pau

* G compact L Grovp , M cCildountiabu manifole ( points oms
Values o8 the  Order pa/\amur).

* Action of G on H - @: GxN— M
(g, 6) — 30

* Isotvopy Subgloup of ¢ : Hyg ={ qEG ﬁ“"“’f

%\3'5&(‘.5'- transdocmatcons W4 unbrown Whm
th order panareter takis Vo ¢



Group Action : Orbits

© Orbit of G throug ¢ @ EGEEN=REGERIGEGH
P\masics: (l'romm Symmmetey +rans{ocmation

o po’un’ria\(. V  invaenxant Under grove action

Vid\= Viqd) V GEH, GEG

l

Vis o function 0n +n orbits

l

HinimianHon 0f ¥V oo X' =) Hiniminption of V on 4w Spau of orbits



ISO*(Opg_ Subgrowps  ané Stratum

» Points in thu Samu orkit —) Coniugois 1SOtcopy Subaroves :

Hyy = 3 He g7

* Set 0 all Eoints With 1Sotopy  Suoofgup Eonjuqats to H¢ - Stratum

o Poyns of th S S:;mmd’((j “tuss " ¢ Sane unblokin Subgroup
SGru  Symmaetiy bma\ﬁin% patttrn

*ePrusIdingiany. ossouatsd With o phase ; qpaUSaEtTEBGON |
¢ moves “feom oru Stratum to anothur



5+Q+ionav3_ pOin+s Of G-invaniant Pohn’ria(s

¢ (Mhuommmm(HieRr): G+ 6 e a eompact lix Ofowp acting smoothly
On Hu rnal manifold M ane Lt @€ H . Thun +u orbi+ “Gleo) 1s
Whtal , that s, avn Smoo+h al G -invaniant function an M
(s Staticary  on G(ad) if and only il G(p) is ioleted in its stra
tom , that Tis thee is a4 nuighborhood Ue of @ such that

Lg N SCd)= G(@),

* No ussumption on +hu form o4 th pohantial
. Consuufu: dhsolute mindma of N = 0rbits with maximul

1Sotropy  Subgfoups. — Not +Yus 0 gerunal

* Trurt Statw: S’rah'onans Statu, of any G - iovwmiant function .



Minimiagtion 0 The Potmtial

° 5(mph5+ case : Ordv povameter transforms in an irreducible  repausm
tation of thv  Ssymmvetry qrop . ©

* Host qanmal G- invaniant gotmtial Up to four+h oriee "

V(@)= -Lmnghis L T A, P (9)
3 L —— Foucth —ordir invariant

¢
D"y = ()’ "

Vs -t g op (ony [Ace 2 Ac Acco]]

¥\

A, ()= P(,:‘(dl)/ 531“( ) => ociamufion 0f +hv  Contensote
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Figh: Garwval shape for o fouctn dgree figa: Locution of +nv divetional mininum
potantial for ovu irrep as 4 dmcion Chonges

* Hindniaotion with st to ¢ 35 aquivelnt to sucussive minimiagtion
With  asuct to Nl and A<«.

* For Fixee vawus 0f i Ongls ﬁ‘ yigles :
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¢ Lt's hnots E(Jw):.(i Ae W (0)

\
Ut of tonstant E(A6) is in +u

(W, Ry - Plarw  aupusmnted by SHraighrilins

* Valw of E(Ad) too low D dow not intmsct fovget spaw
N

No ¢ Jor +his E(Ae¢)

o T E(Re) S Hwerus dargetr Spau Por e first fimu
Il
Absoluts minimum of E(A4)

I}
Absdute amum 08 V(o)



° chsing +h owli ng's A 3 Scan Ay
the whole™ phase cdagram.

* Shapge of ordwr Ponanwttr Cos»n no+
dnd on  As. ) A‘)\

* Any Valw of (Xa, X3)  ground state o s
(minfowum  toungy  state) is mpusintsd
by point on the bamlary of targed spaw.

° — (A1, As) Changx Smoothly = 8rome state change,

obryptly

o oundsegmesnvio : (A, k) chunge Smoothly = growd Steke change

eontinuausly



Exampu: Spin -On2 Color SUpzrcooduafor

* Viabu candidate for +h gfovné  State ©oF cold &nse  quork  MaHsr.

. Ob{sncﬁ\/ei ph&us of the grumestats ol +h Spin-orn Color  Super Cun
ctor

1 _ Idzn‘ficcj Suitabu  Ordr Paranmst+r

* Orér panomaetay Can be aprrsintad by 3x3  eompux mataix  Aai
whith teonsforms  as

A — uan

UWe Sutz)y xuity) = lm\,_@ , M€ S03)



o Clussilication OF all possible iruguivalnt forms o Hu ocdr puna
Mmtey  boxd On two Lluims s

ThIOGWI: The Ordr pmam-hr Can a\wmgs he braughi' to the {oem -

6\ 103 -l..al
A=| -tag 0, La @
-lay @0y A,

With aal ponometars Ay, Ay - Biing an hinmilian maaix

Thiommmay: Lt e ocdy pondne tan have s dbove dovmm and (€ UI3), ané
e S0}y . Thun :

untan=24

i ont only i WA=A , NTAN=A.

)

® Invwionu unter Gz Uz), X J0(2)y, D 1% indandmt Vaniabus Aduu o
6 indkundwnt Voniabls



d_ Classify Forms of A Hhat lave Somu continuous Subgrovps of
G unbrok«n

¢ This onalySis  Con be Simpufied by {oum & , ona con Stponataly
inutstigate  Tnvamana  andr  Uts) @ and S0y -

Invarian Under SO(3),
* A 1S hrmition D A= S+{A

* Action o 30y om Ao : N (s1iA)N = NTSN +cNTAN

To compute Hhe iSotropy Subgroup
ol S0} , computs for A ond S seponatly



S is ngmo’u\ic ane mal > diagonah'ga'au
Oy O 0
S<= 0 Al o
0O 0 A,

0 a3y -Q,
" A= |Gy O Gy * Tham Aty = iy Qu

a -a o
X | * HMatnix A s ‘oasi(o\llb dtormirue b9 a
Ve ctor a = (04., a, , ai)

Statamant : NTAQ = N [a'j‘ ,  MLE S0

* Tsotwpy Subgroge o A = Notalicns that ULowve Q  invauart .



. A

St+LA = To lbave A invanant # has to Uave S and
A invanlant

\]
Common Symme y of Sand A

Statamunt S posssses the Samu Symmetty as A 1€ and only 1 Hhis
quadratic Surfau is axially Symmetric With axis givsn by @ .

* 35 has this symmetry D Siy = « 8 t @ aiay

U
Sinu S is diagmal :
e ﬂ : 0
« a+ most+ Onv of the ai's £ O



Oblate (Y) Cylindrical € A
SO(2)v SO(2)y x U(1)y, SO(2)y x U(1),  [SU(2)L x SO(2)y x U(1)y,
Ay +Ha 0 A +ia 0 A +HiA; 0 1 +1 0
—ia Ay 0 —ia A 0 —iA, A4 0 —-i 1 O)
0 0 A 0 0 O 0 0 A, 0 0 0
® CSL Polar N, Ny
SO(3)v SU(2), x SO(2)r x U(1)y, U(1)y, SU(2)L x U(1)L,
100 0 0 0 0 0 O 0 0 O
010 0 0 0 21 22 23 (O 0 0
0 0 1 0 0 1 24 25 Zg 21 22 23
Oblata
. [o a o]
a=(0,0,0) D Az (-0 0 0
O 0 o
Siy= 8+t pacay D S, =« Saaz Siz = <t




) _|= ita o
A= S4(A = da < o _‘a A, O
0 «<tp

=) TIsotropy Subgrowp v +ha rotaticdn mataias that lbave (0,0,a)
nvayidnt
d

Notation 08 & plans
i apusintal lr.u3 So(a),

In the fiest loa : O mon Specfic D mon Symmetry = biggy  isotopy
Suagrap

- A, CSL and polar have Strata with a fixme apausniative ( not
hpnd  On oy, 4 ) U

Strata hay Orv Orbi+ => Irnwt States



3 Dirtidr whith 0 thuse phases Otcwpy a port 08 +u phase
ciagram

* O Writse Hu most gewnal G =W(3)L x SO(3), Invaiant  potential :

Vialz -t m2| R + L I A P (a)
F) Yy «=)

* Thire ore three indpanient quartic invariants +hat hove +u foltewing
AXPMSSIONS

P ()= [Te (a04]"

R ()= Tv (aa* Ant)

R™ (ay= T (24" (aa™Y)



¢ HMinimym 08 +rw potuntial = vedius of +hw darget Spaa

U

Shaps of th target Spuw
domds on R

’ LH.‘S Considr  the 'fo‘(ow.'nﬁ ",Wf +hsorums Whith are jUS~I imq‘au-}us
Sotis#ied by the Fthaw  indpmeent quartic invarionts

|

J
ingralitize didarmivu
i\ -\orgy’r Spau

ThisRmm3> The invasants P ona R satisty the following
nrqualtiz -
?1- Em < 'Rmé Pim

The dirst }qu,uhj is Satvauted ifF A is of 14pe CSL 4\ secone is Saivratse
20 A has rank L.



(
Thiowmms The invavonts P/ ane P Satisfy folluwing
i guolitias :

0 ¢ fj)s('ﬂ < R(M)

Thae £icst iNquLH-\S is satwatse 4 A is of 43‘)2 A dh Second 1S
Sadwatee 182 A is aal.

S ( \"
ThioumIs: Tha  invaniants ?1“ A % .

satisphy +hu follo wing
'(Nc'uali+52

(
% R'ﬂ ¢ rPlLu)_'_ E(M)

Tha '.mf:ow: is Saturated PP A i ol th typsr Oolate with
Aa -~ A’. “ O\’* .



Thiowwmem Ut P < _;_ P™ . Thin +n invaniants B, B

ant P satisty 4 following  ivqalily

IP;“\ < r_]):(T)' + JP;'“LP,“')'

The innality is Satwatee 188 B is of Hype €.

* For tHh pofential in quastion ong has +hat :

P@ = m? V. (0)= -Lmd |
jL i Al + A;,'A.:L*A;’A.} ran ‘1 ! "

A, = @:'"/E(k) N P}“"/Rm

* Tntecested In mif\imiging Xa Ao + Ay A , but First Lt's anoly se
A me + )\3 Psu)




o )\A+A3 >0 )\.\>)\3

/

lAs'mg +voum U and +houm 5

Na Pl(“) Ay :P (‘ﬂ ()\1+A33 (‘p(‘-) + ‘P;;“)) +L(xa- Az) ( Pa.m "’:P;M)
—_———

— L

22 B™ (4nowm 5) >0 20 C+howm 4)
2 1 14')\3) p™
3
* This is an 2quality 18P P = R ) U é_ ?1“')
R(\)+ Elw) - % —ELU\) _> gm= ?,; pim

=) 63 thioum 3 phase CSL



As
® AxtAy <0 , A3y <O Q

Using +momm 3 and +hioum Y //4//\ ? A\
/

( (u) l
MR F AR = (e h )B4 4 (RN B)
0 £0 (4noum Y)

2 (Aa+A) P 2 (AatAs) B (4wonm 3)
0

(4)
* This is an 2quality ied B“ﬂ = Ps“‘) =P

=) 85 +thoaum 3 and +huoum Y A has 10 he Y'cal..ané have rank onue
A4
Polay Phuse



C Aa <o , Aido

Lls‘mrj Huommnn 3 ané Huonm U

Ay i)aun + A P;:,Ud > A Pa.(k) > A PJ.M

p}
[V ) \_/
0 (thegum 3)
* This is an quamg e P}m =0
Pl'n _ P('\)
1 =

= By thuoum U phase A

\V 4
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S
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* Ay > Ax DO
>

* Qsing Huonm 6  and /
Cﬂuchs irvqualty omn  arrives at tha
Concusion  that th phase is €.

Y
><
f

= For th diflerent vauus of  Aa, A3 using the ivqualities o was
obu to  minimiga

MR E A Y 2 mnimige Mt Ay A

Gnd  obtain +tw phace prusint at that minimum



(%)
est ;P =DM o A=t
1.2 T T '3 T T T T T ! ./, 3 3
- i pl‘n | Plln \A {
=1l n = a= A1
A, - 3 3 3
08 .
osb | Polar : pa('n = pilh) = A =4
] v) _ (w) -
ol N\ | M= R™Man, =t
CSL» ]
02} .
I A . P;‘“:O ) \A-3=0
0%0 017 1.2

’ P"=R% o M=t

" Thure om 3 ivwrt Stotus  thot oceypy the vaties Gné 4 non- irurt Stute.

. Ay linn iS Contave , Other lvun ot Steaight =) irnuquulities



S _ pkas:z Diagram

« CsL - AadAs N At Ao
- Polar : A3<o A AM+Az €O
- A A €O AN Ay DO

E - Ay SAa Do




©_ Final Consiarations

ol i =0l * A, CSL and Polar have
maximal isotcopy Subgroyes
\{ )
Cylindrical N, € pusent (n thy  phase
dagram  and  doss not havs
rmaximal  iSotgpy  Suhgroup
"
Contcadiction of
Oblate N, Nicul's Conysetunt

* Isotropy Subgrowp of € is q Subgrowp ol 4hy isotropy  Suborove ol
A = Second oréayr plnu& +runsition -
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Ahmx .

O In th last +wo Afpunus moan  details can e foune  abovi+

G- invariant {unctions and G - invariant polynomials hre I will just
Mmale a Small  Summary .

I start by puunting 4 aason of Considring  an Iereducibl frpusenta

tion oF Hu symnvtiy grovp G and tn I will txplain a lHL bit mon
tHe G- inveiant paynomials -

* Oru s intaresiee in eonsiairing ircedueloU  reprsentation of G
Sinu MHithl's conjecture is wlativa to this case and this axamle was
Somthow @ counturaxampl  fo +his conjedure So one had to cuspet  Hhu
Cond'tions OF +h  conjtetuce . Also tonsi&ring Gn ircedytible mprsmtation of G
assunms , as Hicml‘s explauins , fhat Hu golynomials don 't have an Axdmsmum in +ivu
Steatum  0f the A +hat has 1M smalust Conjugaiion Class of +h isoffopy Subgroup
axeluding a " maximal Synmsiry buakmg " for e fepruntation .

Woow details abost Michl's conjectuns and also Hu wieckts on Hu G- invariant
poynomials of considiring +his type oF aupustation con be found In Mickhl's
Popar whith is +ha Second +o lust+ in tha redwmus .



Now I will ixpluin a UHL bit moam aSout G-invariant functions lke +w

potuntial of i System  and th G -invariant polynomials more dtuils abow+
s con he sun in th last two adwuntn .

* As it was axplaiue bebons  orbit spacts au uselul to  stucy Lunctions
that om  invariant Unde Hu transformatian of o compact Symmetcy gvoup G,
Huse invariant functions au  constant on +he orbits ane so may hbe Studied
using functions dbine on +h orbit Spaw 08 +he group action.

In tn smeific xampl that is being consicred * +ha Spin o color
Super tondvetor G = U3, X SO3), 1S +hu tompact Symmetry  grove which acts
‘ L v
Kesarly On G monifold Mz K.

The polynomial functions ddirve in IR form an algebra  indicotee with
ML), 6 acts natorally on M Cintt) :

(gp) vy = plg-in)  4€6, Ypemln''] , wem™

pe n Cn'') is G- invariant 8 gp=p VY 96 G . The G-invariant real polyno
mia\ {unchons on ' form an alg:bra & cateld bﬂ ln.(IQ"]G.



By Hilurt's +woum on invw\’\a?‘rs ; mfln“]G is finitaly givunates , that s
Pune  2xiSts Py, ..., Pq € ML in*t) such that V pe Cint*]” +how is a unique
polynomial g in g indtuminale  Such that -

piny = ‘3(‘)1()\), c ey Pq()!)) v ')lélv\.“

The invaniant polynomials  p, , - -, Ps arc calud basic invariant golynomials
(tuse ou +u R eonsidored during the pusintation ) they can be thooun +v ke
real  and homogensys .

Thise basic  polynomials Stiponata the Orbits  in +he Senxe  that  given two
Cfluunt orbits ot Last o of 4 g basic polynomials takes a diffount
valw on the two ofbits . So NS muans that +Hu orbit+ map :

P: 1n" — m‘i

T
W — pws=lpaoy, .., psn)  maps I into

a subset SCm'  in a way that thw Is a orve o one  Corvespondin e betwun
ocbi+s in ' and points in S, thew is a dffeomorphism  briwen



+ orbit ow m"/(, and the St S and  {for this mason S Can
ba idntified with +h Spau of orbits.

Evay G- invaiant function Sucn as i potantial of +he pPhysical
SyStem  may he Axpassel ,Hun , Ina unique wWay as o polyrmomial {function
of {w G-invmiant polynomidls P, , ..., Pq ; himu He form of Hv potential
Prusent e dul\ing the  prusintation .

The bgau 08 Huse polgnomials is diumind by s grop G, also
P form Huy have dipnds on tu repusntation of 4 g G-

The numhir 08 polynomials  Considring  thu  Cillsgmorphism biwan 4 Spau
ok orbits ant S , thun tu  number oF Hu  invarjant polynomials S st Givun
by the  dmunsion of Hu Spau ol orbits . In ordr to €omputs the dimunsion
of the spaw of orbits T will use +hu folluwing goomet(y Hvomm :

Thm: Lt 6 ke a Compact Ur groy acting Smoothly on +he manifold M
Such that N/ G is connacted . IP P is a prindpal orbit (an orbit of mouximum
dimunsion ) then
dm (MIG) = dim (M) - dm (P)



Now in this case Sina M2 In'® 4hn dm (M) = 18 | also in Ordr +o
find  +Hu dmnsion of Hu orbit of maximum dinuesion oru just nuds to
Subttact to the dnumsion 0 +he groyp Fhu dnunsion Of Hu  minimum 130ttopy
Subgfovp - Now +Hu minimum isotfopy Subgiowp is the trivial Svbgroup
P11 which ¢ofrosponds to A having  all antnize difdwunt dum e, it
down't qapmar on +h tabu Sinu thea wun 't Gny ground States Wit h

this  isotropy Subgtoup . Huwtvm Consikving this minimum iSutropy Subgroyo
its dnunsion is amo ané So tu dinvnsion of Hu orbit of moeximum
dinunsion Wijll iust be the dnunsion of +he groy G

G= Wz, x S00),
dim (6) = dm (ue)) + &m (S0(3))

= (3)? 4+ 3(31-,1) = 12

Thas thun mvans +hat &m (P) = dml6) = 1



By #uv Hvoum T pusniel abwwe +Hun T have +hot:
dm ('] G) = dm(n') - dim (P)
= 18- =g
Thwnv fonn +h Gunsion 04 $w spau of orbits is 6 .

Tn the potential thot  wos pautntsd  dhoe Ware only 3 invafiant pPolynomials
these  will Huwufonw not hr anough o pafamstinized +he Spau 0of orbits . Thesa
invariant polynomials Will howsver &lik a non-injtclive map foom Hu Spau of

orbits +o N3, aftur indodvdng i Angus Aa, Ag i+ redous to Int.

Tha artéct  that I mainly followee for Hu  wWholr pusntation  which is 4
Sccond in Hu mPuminus | stats withast dimonstsating +hat in th Spin o Colov
Super conductdar  Hum  au only 3 invariant polynomials  indaindint  of fourth -ordr.
This doww hot muon that theu are only 3 invariant polynomials but ratwe that
thww  am only 3 in&ununt 08 fourth -ordwr. As Hidwl's uaxplains in his artick
Hy invariant polynomiuls of fourth —ordr om (£ most of +N Syskms D +hu
only important polynomials tv axglon  Symmutey bauaking .



® SUa) X UL S ULs)
t's take +hu {ollowing SUfj.lCHV-l hamomO(phismi

P Suy xun) — Wis)
(u,2) — u.[a 0 0]

oz 0O
OO0 2

By e isomorphism Hvonm onw has that Guxuw) /wry s
isomorprwe to  UL3) . S0 o haueds to Compute +he Kerrul of +his
homomor phism

Ker .-_{ (u,2) € SU(31XUCL) u@gg]; ;r{



L .
Ap‘)lging +w ddominant 1o

both Sikes of this eqation :
2% = &t ut

su@={ uewsy: dtu=Lf =1

 Thawforr 2 is B 3-% ot of L. This Pun wans +hat

ke W = 2,

Thun bg +hu i50m0rpvvism thvonm



~
Y ooosumxuny, - — W

whee @ is an isomoc pism . Thy i’ollow‘.ng &'ag(um is
eommuta tive

SU3) XUWU) —2—  ws)

|

SUuzy X uu)/ N4
73



® U3¢ has nontrivial 1sotfopy  Subgrovps if and only i? +h moraix
4 has amo moks .

Spealicmlly +w isotopw Subgroup Will be Uimy  wWhere h s th
NUmber Oof amo mods 0f A



@ S0ty is isomorpwic 10 a subgfoy o4 S0la) So 0w €an Say
at S0) is a “smog(ou(:" ol So(2) .
Ut's ceonsicer +Hn Hollowing

W : S0y — S0(y)

n — [r O
o 1

This is cuarly an  homomorphism (with modnix  multiplcation )
Sin Wine-Na) = W) - wna) . I+ s bigaUive So i1 is an isomor
prusm .

Lt's take 06 SO(a) “:[2 Z] Hun :

nn' =T

dtn=14



kt's take ond  Alunvnt 0f SO

o[ 3]

o Now  ht's what
so +hat it U(Nm SO@Y  unbfoan (I wilt do

the lorn of B ):

is +Hu form Phat P order punanvier A akas
MVnSe  Inginuvig 40 chek

Y™ A yinmr= A

0 10 v iag -log 0o -1 ©O A iay -log
-1 0 0| [-iay Ay <a, i 0 o = slay Ay <4y
0 0 1])iny -tay o, O o | {ag, -log Oy
Dy (0, Loy ay iug -0,
= -lay Al (Gy = [-las A, lay

-ltag -toy 44



From +his lust gquotion  one has  that -

sb

) =0 =8 03 =0 2 AL =0

[<3
e
0« vonn
|
S
- 9
,.a

>
W

Sinu Ry = 0y =0 and 4, = Ay thm I t¢tan anavv th Vaiable:

Oy = A, — D
Ay — 4,
a-_a, — Qa

Thn +ww form 0o+ 0fder ponameier iS:

(A (o 0

Whith s +w one 0n Hv table
A = -la (oY) (o)

0O o0 A



@ In oréer o axplain - What hap‘uns in the firs+ U of +h taSu
aboja  Lt's  mgke an analogy

* Considey  +h  action 0P S' on +h Splun  that just  rotates  +hw
Sphave . I+ s pmtty clear that +Hw Isofrgpy  Subgrove of all +Hu Points

Ixapt  Huw  poes IS fust  Hu trivial Subgrosp whuvas Hu  isotropy
wbafoue ol #Hx nocth  ant  sawth  pous 1y si

Now Considr +hat busids S' Hun is also anodhur group O
acting  on Hw  spwu  such that it has &fleunt isotwpy subgrovps for
Hua north and Sowth pou . Thun it is  ruussary to Study He pous
intividually . What is happening Ih e fiest line s pudsy this, dispite
having as” an isotopy group SOWv the Gffwnt A pusintee  have
afPunt  non triviat iSotpy  Subgrowps of W) .

D In Hu  second Ui they all  have @4 =o

iSotupy Subgrovps of SOYy . The lust two
Completsly bruak  Hu S0y Syrometry .

so A=S in +arms ol th
in Hus i N1 and Na



=) Fioalch [ook“nﬁ at tuw  isolopy Subgroge 08 the  eylindrical
oot € phase [or "Hu phose A and polar) ord may ask  why Huy
o not +Hw  Samva phase Sina Fhuir iso-l-ropc3 Subgyrowe 1S th “same .

Thi  answev  bhuve s ach.m\lvj pouusdy in +h Mvaneng o4 Same
inked in  hoth Cases Hu iSotvpy Subgroys Gm isomorphic , howevar
as it wos axploineg  during Hw pasimtation Pu dasu shows Hu diflwunt
Stcatym and in adr for two &PPrunt A to be in He Samv  Streum  thae
tSotropy  subgrowp have 4o be nok only isomorphic buk  conjugate us
Well .

Thoua au +hace options

/

The two B Can be n tu Samu orbit Gnd dharfors Hhey  have  Conqugn
ta isoffopy Sdogroups anl  Hhu  Conjugacy d&dines an 1Ssomorphism bewasn
th Subgfoups ( natural isomorpwism)

The two A ean be In diflannt orbits howrwr Hic isoNopy Sukguupes
are Conjugute of One anotuv . Thise 8 and Hu onee from Hu Eoint Chove
ave all in v Ssomt  SHatvm



The +wo B ¢tan have isomorphic isotropy Subgroups  howevn -+
two O  auv not in Hw Sume orbit  and  thir isotfopy Svbgrovps
Gre  not  €onqvyata of ord anothev ( Gecidntal isomorphism )

U

I¢ the Bs au bainﬂ ﬁwup.@d
&(un&‘nﬁ on Wekbver tuy v on tw Sanw
SHatum then  in +his Case vy om onsiteard
two  Liflunt As .

D This lust  ftase 15 pudsly what happms Widh the C(ylindsical and
£ but also with A and Elar.



@ Norw o€ Hu phase A  pdor , CSL Provid a mindmum

of +th  potntial for ra>S Aid>O .
L'S Hun GSSUM ¢
S Thise would he +hu

Psm £ 4 PL“" tundidates altording Yo
1 Hicll's Hvonm,
Since Hws

USi03 +uonm 6 and Hwu Caunnchy inmgualty  With o inurd State.
by = ‘/A.\ (P,,“‘)- P;‘y Uy = ](A.ﬂ-hg) P;Gl
N | ATy = 1
P (At A3

M P Ay B™ 2 MR- PM) + () B
= url 4+ 0;

D) (ull\fj-}u.\l\fg)l
2
'\r}l ""\’;t




I
P

' '}
RY-B" +{B") 5 _Alsrd) B

o+ 4 2A2 + As
AL A;‘}As

\ a
* In ordr +o hove fquality - P = (\\R‘“—PSM +1pY)

= By thioam 6 phase €.



