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E = mc’ VI—Z%* oand € = Z°<<mc)r= L .
o 0 w a@d«r
or o 3""’*”" UNTIE ol ot d n’_—_o,\,....,ﬂNé—\.
Largz,ub value 63 3, Co-‘r'f'uPa-v\A,s + n'=o.

Fv largedt 7 | k= 3*'% o‘rJ:,
Fer oM othesr a,')g k = :t(&-!—%) :i(nN&——n’).

J

AV\,?»UJ,OUY‘ Pourt «46 th_ LJGN‘Q/%\ML%’.
Eigenfunclions o KK iﬁ(f'fm-c}m&»
or Eigunjunclions of (& THh) with sppesite

Sigm elgenvalues for wpper and bivser Ca mponanto.



They cam be obtained by cambinang Yva@(:)'
Tlr\yj 94‘\/"& CL@‘)SO"\."G"V‘AOY\' Go-&{'t’\:&i%tﬁ fb‘f j=@é¢
t=Lt3,m

+ \lgL:!.‘M-PJ): Y _L A&
/%' — l ( B L)m 2 Kw;—,é")wtr‘h.
L \/2—1_"" \/l:w\."t"‘i Y’Q’m.p-l:: ) O )

Ty 7
f(,%t/c ) ,y'/ dO = 83’3'/ Lo’ gmwx/
Theae have Lo be Combivud To 2»we, l(--—wevxmt

Sfa&vwr—s. Thot reguures  Same ¥ but different L.

Operator oka,mgdv\g L by oo unit | amd aéﬁo
behaving o o pseudoscalor io e -r.

> A T T
T Fias T T Hisg
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cormst be locadrsed bdtrr tham (T3 @wtfm'
WQV%%%"", M Lo bt sSees « s‘mQ_Qrz__o[ Po'temlwl.
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| e 7
Incto(,ezvd; o %’N’M« Le,ﬁ : E>o , ‘S?.“’" ’T

Z



b2/t ]

"-}/. = O @1' o . 2 2z 2 2§

: CI"\/{E—{'MJ? - E = loz ¢ +mc
Voo

: , . o
Ll ’\V _ e-"b J’:z/’K; o n b/ e:.(,hz./'ﬁ, ;
r —'Cbz/(E«(-MC‘?? chi f(E+m<)
(o]

. ( . °
r\.’)f - aL e"t' f’zz/ﬁ o +0L/ e"’%’zz/t'(: Cl)
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= tr= 3"1} )y Te= ©-

Totol re,%)Lbc/t«Iow, stwalar & Eur < VYo -
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DrLrac Q,Ci/-babuw Thouw irdicake, TS 6T QJ\,MJ\JC-A.t\ZQy\s

~C-mct Y-V, =Petential for F
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ruL PMUW*@V\EP&Y‘D\ZCA&. 'oauir:S. o
ThiS w oo _g},oy\)(;ame,ows process (9. Possilatt bSltf'\a,L:D)
There S a ta.ol,(s—«,dg o tha P\CQMDZa.L tn mlz»"‘:,
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Examfvp[e;é . L s
(;) QEZD . Large electric fc‘e,t,ob; [5’\4 > ch
For Zaxt , E,=0 ond re»vrzvﬁfx’c,.

Mov-e. oLe,bMLLcL Q.Uht,m,o\x,v) Ly\AA.c_oJSe, Z.Z\'?"’j"’"'

spenbtomersus efe” crealiom.



Tha s sitwﬂmwuwﬂlwmw(ﬁ
(7 heovy nucled . Expwiwx.w\tal readt soion Lo mediy
Le cauvaAr o’t colln siown Agnamj,c/s ord nucleos fovcen .
(:,‘o(,w/‘?\;{ffcalxom ¢ Cource G pair crediom v Aiffiont)
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Olase/r\ruL 046{;M wn aceelevrater cillusions.

Rates ore wel €&5Y t colewlote butb q/mutoﬁve,
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v e ol L ed Clr\:z, chiral C,L\.arge.

Alse VYV — cq,ng,\[} s on exocl Symmdw‘y for
wossless Divrac fe,rmion» It w c,onLuL C/LWML
symmetry oot b importomk wm ﬁ?wobgiv\g strony-
iwberoctions. (It  broken loj m#o)

w# o C,ow?(,e,s Y ond Ve ale,gre.u f {jre,zao,om.
Wegl omd Dirac representatiors are redstede

‘oj a wv»i.tcwj tro\,ns{b*'maﬂ% OAB tha C(.aﬁc\ﬂi a(.ge)rm.
bosAk .




"'laiorowwv Y‘Q/PWWWM: Thisr WK o dmw ‘

a_u, ’Y-—MOJJY'!:CVJ ore Lma,givuwy, amd ‘d\z,:b(mc,

quoJ}\om n real - (H@bk the m/t o(.e,ﬁrbwo’t tvulow))
A

A 4N A

o<’ == ) X, = {B )A°<3= -y, B= ol = %'.,*:”}f’b
Then (K 2 +Re T + ipmc) Y =o.
‘Pawiib con be ol,c,%’unu[. Uding q.xexa.i:a'r A3
Cf\,o.r-ﬁe, Oon‘)'wga.bdcw\, o‘r;exof,{,ow w '\Po:'\l/*.
MQ—J‘OPW %Q/YY\/\;\'OV\'S oxre t‘\lzir 0T M‘)QFD&OLQA.
Electromagnelic interackons (F — T-27x),
whrodawcey Lmoginary cperolor in the Som .
Mos,\"ora,vx.a» %M\MILMS owe ‘(.'Cve,re.Q‘DV'& oomFme,Qj Y\wiml
MQ,\ALV'CNOQ con be Modomy\k Pa«,rl}\’.c(,e,s (m,ov-e.arreo'tb
o ruxture of eyl omd Ma jorena Fa\r’b\fc(&/.s),
I§ $o, there will b newbrine(eas double F—Az.c_a:ypoSSiLL.




Sence newbrinet have been shsexved 1o mix
ﬂ\,e/gt cam havt :bir‘wc,/l"laﬂ'omm mass terms.
Mao‘oma. %Q,YMA:OM have PrvwaU% alu\u‘ty/wrrex\b)
bat wne C,kowg,e, o(Lwiﬂ‘?:,/c,mkre/vdJ. Thetlr ruambesr
A Conser ved WJ,Z, hModulo 2. .
The ?Ee.rrm)om stolvsties O’foezyd:
Clo> =11%, cliy=[o>, C°=1.
(Dijherent %—m—wu the exclusion r:—n.wrll-)
Rowghy ¢ behaves ou o+l
Whethir or ot Wepl £ Majorana da-.opoxtie/) G e

o‘aoatbﬂ\. s(,w\.u,btmwxsba., d.o.—‘wv\obs o divension of Twsry.
In B3+))-dim. , |t W nvt po.ssilol,e..



LCW f“eaV&Y'SOIL . It U a tra.r\,S%brmo.ﬂw that
reverses the arrrs o Lime . I6 an be o symmedy

’{w o 'Parl'/dc,uiaur Pnlou/m, e-g. mx =F .

\I\/l;a\/\M)S o(,a,ssi%'iuvt&ovv o} Sjmme)tv'iw m QM:
Svmme:tric tmm%'wwmi;{,ow leaves odd the
tvansi Lion probakilities (nvariond i,e.kél"{blz‘-‘—l(b'l\lj)[z,

Wigner Showred that ony such troms v malion W
(&) vai,boxa oomd. Unear : (UCHU‘P>= <\,

U, +b¥,)=a UP+bUY,

Cb) A"‘L."“Mta\fj ard anttlinear :<Ud>lU‘P)::<‘\’|<f>>
U@V, +b¥,)=aXUY + Uy, .




Most Symmd‘rf% evcounbertd in Pl'\ysial Pmb(uns are
‘*MJC&V) auml. lineov, e-%. tra.\f\.gl,a/'b\',oy\_, r ta t"on)
qounse Symmetry Parila ’ c)sowa_e, mdu,ﬁaj;.;ﬂl'
These Com be Cov\i?l:vx.u.mslﬁ Conneclted & L‘M@
for Ccevdrinuens trans ermalions.

Antiunitary symmetry hos b be duscrete.

The Cm,Pbrtam]t cosr  that t’t tlne reversal .

T inberchange ¢ iwitial and final states
/Pmo\mce/.) C,ow\fl,uc C»v»d\LSo.i)\lm fw tronsition ampUtW“u-
Fsy ow\‘(f(',u.v»l‘barj o“aurod':o‘}"s, &Aao'{“x L& J&:&LY\M oy
the rule <b]ATY> = CPIASY.

For time rwersd,, ‘t%—"t—_& 32—-,



2

k. G. equalion (R, —Z AL —mC]Y¥ =0
Yy (complex Oevx‘ju.ﬁaﬁwv) £ ran s3ovrImas
the wartjuncion wunder time reversal.
Diroc C%aﬂ'% i T V(X t) = T\V*(}?;'t)
ik 2y = HY = [ (PSR pme’+ed [y

— l t’ LW

Grtven the chavyer d sipss e ST
Cmdw?a.,t\ow) LI v\z,e,at, To T :_-e(’TP\:]?:.

[n the Dirac 'oméi,s) <, WA i.ma.&i.mifj’ 0(.,°<3,[Sm real.

T commutes sith P ond =, but axilCommules cstile

I L

oL omd 5. That iwmplies T=27Y 7.

APPLH i“’ﬁ time revessal twice shotdd Flve back

the original state .



EC_T’ Ln,vwriomc:/_e:: 'Pnfpu% o’k cvw\,tmm acw(_p[,
theorvens wv 6»@»\2%0\1,. It reloteo 1>owtu'ot¢ ound

K.G- &g TH(X,t)= w¥(X,-t)
T V(X t)= Y(X,-t)

/'\v\tdpo\,rbioh, » o 'Powb\l
Dirac eqm - \[;CT(K/)E_ PET YX)
— P(cvo)("cwx))
= ~(°(”2)(;.1'r3)*w—x)
= 47> W (-X)



Porticalor tnlex nal components are projected &
the operators tEem 4 LEVeE 7
-

2m
‘\,/Pc:‘r Co‘rrespond/s to oppssite Sigms o} emergy
d spin Compared To P (Consistent with hdstom)

Thas relofion bek creen laawl;{,a(,b and. amikrosfrﬁd,o.
e ads Lo Crrssing syramebry im QF T,
(Parb»‘ou, m %‘N‘d’ stole «— Anﬁpoxrlxcb. (n initial stakz)
PCT invoriomce of QFT © & OoMQst\,c,e,gq—
Ff*pef Loyendz inverianCl and. Sf:in-stﬁvﬁs‘blﬁcs

con ne chti o | (PCT theoremw)

(‘?Xperimu@&k ck%cks % PCT needd o QFT
JCWWWL“LM" FTng begmot the wswol fro,vvu;wwk




PET s obvunitary omd relaties any  process
To its inverse process. It relates dynamicsl
‘»mpe,rbce/) o‘t {mrbv'dbw ond. omﬁpart\.‘du,
.o L’ln,v? nst have the same botal oLe,CAg»mtb
(/‘aa,ril'}v'oub decay raten majy be dufterent )
Stro ng CLCOtVbM&tht(:C, 3m,v£talxov\.d. wrderaclions
obe/at P , T T LV\AAVCiwa.UzZ.,

Weok inberactvons viokete P, T Nﬂ;’“"ﬂﬁ'?
ard C Lo a Smadd extend .

In our experience time % asymmelric,
S.e- Jubwee w very L Yherent than 'Pa,UU
Counsalily | orrow sf Time, S‘givoov\.e\. Lo

B




In avvoow\/Oww» theory | time W treated ar a parameber
omd vuwb os om operakor. 4
Tdmb ous;jmmeﬁric, LWV\.OLG.Y\j OOnaU»‘b\'ooM e/y\j—o—rc,e,
COubSoli'ff) , <e3, re;ta.rd,ul. ProPa.ﬁoJZm’s, ie—pmscﬁytim,
tnme -0 rd ered products ej,‘c,)

In owr universe, big bang' provi boun
conditions §or b.h?\.e,w - o T &Nj

To cruubo ologe/r've,al, Part{o&,-—ambira-rtéol,c deN\MIJJ{)'
frown an inibially Symmetric stake , we wneed
certowm Pm’pef{?iu ( Sakharov cond Eons) .

(l) Garjm/LePtm nwmber véoLoLb\ﬁ Lﬂbera.cﬁo“/\.

(2) T/cP- wiolation .
Dsth exist at a t\,ntj lovel w M(v\‘l’.@‘f‘mﬁm\&.

(3) OWL of e,q/tuubrw,m stage for the LouveNse
Provided by growily.



Grro"PhW: Condensed mather system obeying
Direc eﬁ/u,a)b\"m m 2+ ] dimensons.

Tt s o layer o} carbem aboma, orranged o4
o 2-dim L\,exoua—ov\,al Lattice.

Oub st 4 valence elechrom s o/{; carbm, 3 form
bonds with SP° hybridisabion . The Jowrth ons
n -ﬂ-—orbitol, omd W respwilou, fov a’gmo.wum/(,
pv'ope/rt'\:% ot Lew emexgies.

T tight-binding appro ximaliom,

+ L]
H=-tZafa;  tro, fa,q}=5y.
3
Choose uruts such that Lathice spacang = 1 .




The type ot Sike (A or B) L Spe,oifiul by pseudsspin.
The wnit cell contoing both A and [ sites.

The Labeds A omd B con be Lnilvrc)z\anég,al ‘oJ rotalion
o’% T auLaV\a. the axis nwermal Teo tC\.LLaje/r‘,
Neighbowrs o§ A are: E-"(m),?z"(’é_‘,%),z;(’ji:’%).
Ne,isfn,\omn i B ore given by _—E:.

P:i;m)\,tive, translolion vectors For urit cell ove -

- — — - - - ==
= "’i"ba ) t?_:'-’l"z."L’l ) tJ= '0.3’!’2_ .



0
.G

The Rrillotumn Zone K o hww,

rotated by I from the Lattice.
Tt hos opposite sides cdenlified.

They comn be chosun o4 K ((?+—T<Z);

In the A-B basis, H @ o’t;(s-dwaﬁml,w
Lbs Hermtcotbj makes it o Linaar combinaion
0’{;0'70“’"”"0" (A 03— term con be added Shum
energien o A and b siter ore nat aﬁ/\mi e.g. BN)



. O

ik

E°= £ X ¢

bz, 3ky - Bk
— ORX J
l—t(.’B—\-‘tch > = +2cs3Bky
For ouny k&’ E? s extremised ab Cﬂ:z—‘,i’“=i‘=?kf§—xn.
2
The extremal values are E'= (1 2cos Bky)®
In porbiclar, EZ o at [on Bky) =1

’ i7, - 42T =4 4x -

s

The Cornexs (k the D)riu,wulw Ztne Ma’t\ﬂmby i%l;:/

tshere e/xc’_L—)ta}b;,o_v;g _coumn occur osithoul emergy Eg?
= — ce— D b}
With ©¢- 6 = 3bi bj = F8§=% | the phases ¢

reduce & {l,w,wl}, al these wrners.



1. the v\eiskbmrkmnk o E_,_ . K=k, +1 .
Taylor expansion gived: 5 6‘52""3___ 3 v Z’—l;l
v L
= %(.Q)"{-Lﬂﬂ)

—] ' : @ _ _3t =27’
Thus , for Low energy excitabions, Hip= —z-o’.ﬂa,

In the y\.e,tﬁklpou!l'vﬂ'i % E: - H:g - + §_£_ =T
Thare owt elght ole grees o’{;__v\;m va

2 for psemdespin , 2 for Ky 2 for usual spw.
Velocity of uy\xew mﬂ’é““ SN N
by 3t v R0 m = £

2
Linear obispvrsto—v\, relation wokes cV»Q-SiPa:r'Q'/\;al_w
behave o pferently thoom w coar ¢ mebals.
Charge Conjugalion (d.z,d;m—hm) symmetry w exact.



The &Heabdve, ktzM structure constant
deﬁ = %%“é' ~ |l with ex2-S.

It L”’g«e value wf:.kw the o!,:jmwviq nm«rexturbaﬂ)ve,)
oemlmxut t stomdord QED .
(1) Klein rwradox . Barrier created by abu?—tnﬁ
Mass (ess Fermions are eas ily Pa,w—prvabacel.
(ne need f[;(ﬂ’ AV ~ 2mo"), CMP@U% & Conserved .
There 8 a ‘Pe/rfe,c/t troonsusSion thnu.glr\, loaurrior,
ouvw(, o (oa.akosaurol sc:amriv\j, (Pse,u.l«osﬁv\,camot J’Uf)
(2) Z;btc,rbe.wegwamg, : Alasem,c,e, o’t Oohf\pl,d:e Localisation .
Percolaion ¢t ctates produces finite conductivity,
( Meom Free path 7 electrom wm\re,[g,v\ﬁt(’,v)

Even Jor pr=o amd Tzo (v }IC?— chovge corriens ),

there W wuanimel 0% %—



(3) Qworbium Hall, effect © The Landaw lwel spectrum
s given by By = [2lelpk o (nektd)

i th PswaoboSFd}n c,e'wtv‘i'ouﬂy\ﬁ__ i-’Jzt‘

These & am E=o Le)\rf/(,) with hely the A'Q'S‘MWVJ’
compared Lo EnFo Level s .

Norwod %Mm Hall e)‘(te,d} ; The ceonductance
plateoms correspond Lo inbeger Folling st the (ewels.

Here, thuy ore Shi¥ted & half-inteser labeans .
(Tke. N’obiv\,a.ry S/:i.n %) Jc'ro?_e/n |o:; Lmr‘g.e, "6’3
The Profertde/s 4 E=o level ot t«FaLochal
(o8 per the iwndex t&,urw) , ord So robust wn
presemce of perturbalions.

The (,ame,tu.v\,cb‘wns owe locolised en the scale o’{;
W\wto‘/"'e)‘;‘: (o2 Le,v\,ytﬂ», S us wal in Lamota.u\. (,c,\rd.&.




(4) Vacuwum ,aoLa,erD}cm: Charge impurities are
soreenth by virtud pairs . The potential
_ 2e
V,(r) = Y s Screened oV, (r) F(r).
Weth La,ra,e, 0(&“' ; _n\om.a\.S——Fe,Y'nNi' Ctij work.s

o ( _
ruSov\ﬂJoLy w-e,U,) %V‘vaﬁ, F(V),’}'JI+ZQ@“(Y/&) 5

cimilor Lo QED . Im{auurital Socdi@rcnj, 7 wca«keml)
ond, C/ka,ry, cayrier mobili {73 o emhanced
Compa/rut E. Pe,r'tur[oabbv-e_ eabtmalbens .

(5) Soa;bt"e/rimg.‘. For Slwr't-—ra.y\é,e, Fotwﬂﬂls, w
o a(/\lm,e/V\.Sio%S) the swﬂfwlv\é, cxoss —seckon
% Firibe for Dirac efualion (%'R?'), Euk

w g -di vergenl for Schrsdinger Q,VMLM@(MU(FR))




(C) Phonsns - Lon% rovge srder cannd exist tm
fooo dimensions . (_No PM‘fC,at cr;jstau(/s)
G'rovpr'\w& %2178 ONMIPLQAL By Lor\é, wo\,vel,e,ng(?fv
phomons.  The effect of Lottice d4stortions
neor K, i equivalamt B an Abelian gauge
piedd (random mo-gnels fredd). Thoat suppresseo
L el Lo codi satAan e/ﬁoc)ts




